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B ACE INHIBITORS 

Alzheimer's disease, characterized by cognitive and behavioral deterioration in its 
latter stages^ has emerged as a significant social and financial concern. With a prevalence 
approaching 5.5% in the population above the age of 60, the cost for care of Alzheimer's 
5 disease patients has been estimated to be in excess of $1 00 billion annually. Although 
cholinesterase inhibitors are somewhat effective in reducing the symptoms of 
Alzheimer's disease, particularly when the disease is in its early phases, they are not at all 
effective in slowing or stopping the progression of the disease. 

Neurofibrillary tangles and neuritic plaques are generally found in the brain 
1 0 regions associated with memory and cognition of those afflicted with Alzheimer*s 

disease. These plaques are also found in the brains of individuals with Down's syndrome, 
Hereditary Cerebral Hemorrhage of the Dutch-Type, and other neurodegenerative 
disorders. The neuritic plaques are comprised primarily of amyloid p (Ap) peptide, a 
neurotoxic and highly aggregatory peptide segment of amyloid precursor protein (APP). 
15 Ap peptide is formed by the proteolytic cleavage bf APP by P-secretase (BACE) followed 

by at least one subsequent C-terroinal cleavage by 7-secretase. As such, inhibition of 

i 

BACE is an attractive target for the treatment or prevention of Alzheimer's disease as 
well as other diseases characterized pathologically by amyloid plaques. 

BACE is a member of the pepsin sub-family of mammalian aspartyl proteases 

20 and, like its substrate APP, is a type I transmembrane protein. BACE has been disclosed 
in the literature and is referred to also as "p-site APP-cleaving enzyme", "membrane 
aspartic protease of the pepsin family", "Asp-2" "P-secretase", "membrane-bound 
aspartic protease" and "Memapsin 2" (See: Ghosh, et aL, Current Medicinal Chemistry, 
9(1 1), 1135-1 144 (2002)). Two isofonns of BACE have been identified in humans, 

25 designated BACE1 and BACE2. It is believed that the BACE1 inhibitory activity is most 
important to inhibition of amyloid p (AP) peptide (Roggo, Current Topics in Medicinal 
Chemistry. 2 5 359-370 (2002)). Currently described BACE inhibitors are 
peptidomimetic transition state analogs, typically containing a hydroxyethyl moiety. 
Although many of these compounds are potent inhibitors of BACE, their high molecular 

30 weights and low membrane permeability make them poor drug candidates. (See : Park 
and Lee, Journal of the American Chemical Society, 125(52), 16416-16422 (2003)). 
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Additional compounds described as BACE inhibitors are disclosed in WO 03/040096, 
WO 04/024081, WO 04/0039034, and WO 04/043916. Additional BACE inhibitors are 
necessary to provide treatments for A-p peptide mediated disorders such as Alzheimer's 
disease. The present invention provides new inhibitors of BACE. 
5 The present invention provides compounds of Formula I: 




I 



where: 

10 R 1 is Ci-Cio alkyl optionally substituted with C 3 -C 8 cycloalkyl, phenyl, or furyl; 

C2-Cg alkenyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; C 2 -C8 
alkynyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; or C 3 -Cs 
cycloalkyl; each optionally substituted up to six times with fluoro, or with up to four 
substituents independently selected from the group consisting of halo, cyano, methyl 

15 optionally substituted with up to three fluoro atoms, trifiuoromethoxy, Ci-C 6 alkoxy, C3- 
C 7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 ; or R 1 is hydrogen; furyl optionally 
substituted with C(0)NR 7 R 7 or up to two times with Ci-C 6 alkyl; thienyl; tetrahydrofuryl; 
NR 7 R 8 ; or C x -C 6 alkoxy; 

R 2 is C1-C3 alkyl optionally substituted with C 3 -C 6 cycloalkyl; benzyl optionally 

20 monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, hydroxy, thiol, benzyloxy, Ci-Ce alkyl optionally substituted in the alkyl chain up 
to three times with fluoro or with C 3 -C 6 cycloalkyl optionally substituted with C1-C3 
alkyl, Ci-Ce alkoxy optionally substituted in the alkyl chain up to three times with fluoro 
or with C 3 -C 6 cycloalkyl optionally substituted with C1-C3 alkyl, C 2 -C 6 alkenyloxy, Ci-C 6 

25 alkylthio optionally substituted in the alkyl chain up to three times with fluoro or with C 3 - 
Ce cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl 
optionally substituted with Ci-Cg alkyl or C1-C6 alkoxy, and phenylthio; benzyl 
disubstituted in the phenyl ring with a first substituent selected from the group consisting 
of halo, trifluoromethoxy, and Ci-C 6 alkyl optionally substituted in the alkyl chain up to 
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three times with fluoro or with C 3 -C 6 cycloalkyl optionally substituted with C1-C3 alkyl, 
and a second substituent selected from the group consisting of halo, Ci-C 6 alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C 3 -C 6 
cycloalkyl optionally substituted with alkyl, Ci-C* alkoxy optionally substituted in 

the alkyl chain up to three times with fluoro or with C 3 -C 6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C 2 -C 6 alkenyloxy, Ci-C 6 alkylthio optionally substituted in 
the alkyl chain up to three times with fluoro or with C 3 -C 6 cycloalkyl optionally 
substituted with C r C 3 alkyl, C 3 -C 8 cycloalkoxy, phenyl optionally substituted with Ci-C 6 
alkyl or Ci-C 6 alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from Ci-C* alkyl; 

R 3 is hydrogen or Ci-C 6 alkyl optionally substituted with C 3 -C g cycloalkyl or up 
to three times with fluoro and R 4 is hydrogen or C r C 6 alkyl; or R 3 and R 4 taken together 
with the carbon atom to which they are attached form a C 3 -C 6 cycloalkyl ring; 

R 5 is hydrogen; R 9 ; or H:CH 2 )o- 2 -OR 9 ; 

R 6 is hydrogen or phenyl; 

Gis O; 

R 7 is selected independently at each occurrence from the group consisting of 
hydrogen, Ci-Ce alkyl, and phenyl; 

R 8 is hydrogen; Q-Ce alkyl; phenyl; -C(0)(Ci-C 6 alkyl); or-SC^A-Ce alkyl); 

R 9 is hydrogen; Q-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 
(Cj-Ce alkyl)silyi; C 2 -C 10 acyl; C 2 -C 6 alkenyl; or -(CH 2 )(m-R 10 ; 

R 10 is C 3 -C« cycloalkyl; C 3 -Cg cycloalkanonyl; tetrahydrofuryl; tetrahydropyranyl; 
or phenyl each optionally substituted with one substituted selected from the group 
consisting of C 3 -C 8 cycloalkyl, phenyl, and ben2yl 5 up to four times with fluoro, or with 
one or two substitutents independently selected from the group consisting of halo, C1-Q5 
alkyl optionally substituted up to three times with fluoro, C 2 -C 6 acyl 5 C r C 6 alkoxy, 
hydroxy, and trifluoromethoxy; or R 10 is adamantyl; or a pharmaceutical^ acceptable salt 
thereof 

The present invention also provides a method of treating Alzheimer's disease in a 
mammal comprising administering to a mammal in need of such treatment an effective 
amount of a compound of Formula I. 
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The present invention further provides a method of preventing the progression of 
mild cognitive impairment to Alzheimer's disease in a mammal comprising administering 
to a mammal in need of such treatment an effective amount of a compound of Formula I. 

The present invention also provides a method of inhibiting BACE in a mammal 
5 comprising administering to a mammal in need of such treatment an effective amount of a 
compound of Formula I. 

The present invention also provides a method for inhibiting p-secretase mediated 
cleavage of amyloid precursor protein comprising administering to a mammal in need of 
such treatment an effective amount of a compound of Formula I. 
1 0 The present invention further provides a method for the inhibition of production of 

A-p peptide comprising administering to a mammal in need of such treatment an effective 
amount of a compound of Formula I. 

The present invention also provides a pharmaceutical formulation comprising a 
compound of Formula I, in combination with a pharmaceutically acceptable carrier, 
15 diluent, or excipient 

Another embodiment of the present invention is a compound of Formula I for use 
as a pharmaceutical. Furthermore, this invention provides the use of a compound of 
Formula I for the manufacture of a medicament for the treatment of Alzheimer's disease. 
This invention also provides the use of a compound of Formula I for the manufacture of a 
20 medicament for the prevention of the progression of mild cognitive impairment to 

Alzheimer's disease. The invention also provides the use of a compound of Formula I for 
the manufacture of a medicament for the inhibition of BACE. The present invention also 
provides the use of a compound of Formula I for the manufacture of a medicament for the 
inhibition of p-secretase mediated cleavage of amyloid precursor protein. The invention 
25 further provides the use of a compound of Formula I for the manufacture of a medicament 
for the inhibition of production of A-p peptide. 

Additionally, this invention provides a pharmaceutical formulation adapted for the 
treatment of Alzheimer's disease. Furthermore, this invention provides a pharmaceutical 
formulation adapted for the prevention of the progression of mild cognitive impairment to 
30 Alzheimer's disease. This invention also provides a pharmaceutical formulation adapted 
for the inhibition of BACE. 
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Furthermore the present invention provides a pharmaceutical formulation adapted 
for the inhibition of p-secretase mediated cleavage of amyloid precursor protein. The 
present invention also provides a pharmaceutical formulation adapted for the treatment of 
conditions resulting from excessive levels of A-P peptide comprising a compound of • 
5 Formula I or a phaimaceutically acceptable salt thereof in combination with one or more 
pharmaceutically acceptable excipients, carriers, or diluents. 

This invention also provides intermediates of Formula II: 



H OR 12 R 11 ' 




10 II 

where: 

R 1 is Ci-Cio alkyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; 
C2-C8 alkenyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; C2-C8 
alkynyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; or C3-C8 

1 5 cycloalkyl; each optionally substituted up to six times with fluoro, or with up to four 
substituents independently selected from the group consisting of halo ? cyano, methyl 
optionally substituted with up to three fluoro atoms, trifluoromethoxy, Ci-Ce alkoxy, C3- 
C 7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 ; or R 1 is hydrogen; furyl optionally 
substituted with C(0)NR 7 R 7 or up to two times with C1-C6 alkyl; thienyl; tetrahydrofuryl; 

20 NR 7 R 8 ; or Ci -C 6 alkoxy; 

R 2 ' is C1-C3 alkyl optionally substituted with C3-C6 cycloalkyl; benzyl optionally 
monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, -OR 12 , thiol, C r -C 6 alkyl optionally substituted in the alkyl chain up to three times 
with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, Ci-C 6 

25 alkoxy optionally substituted in the alkyl chain up to three times with fluoro or with C3- 
C6 cycloalkyl optionally substituted with C1-C3 alkyl, C 2 -C$ alkenyloxy, C1-C6 alkylthio 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl optionally 
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substituted with C r C6 alkyl or Ci-C 6 alkoxy, and phenylthio; benzyl disubstituted in the 
phenyl ring with a first substituent selected from the group consisting of halo, 
trifiuoromethoxy, and Ci-Ce alkyl optionally substituted in the alkyl chain up to three 
times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, and a 
5 second substituent selected from the group consisting of halo, -OR 12 , thiol, Q-Ce alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C 3 -C 6 
cycloalkyl optionally substituted with C1-C3 alkyl, Ci-C 6 alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C 2 -C 6 alkenyloxy, Ci-C 6 alkylthio optionally substituted in 
1 0 the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 

substituted with C1-C3 alkyl C 3 -C 8 cycloalkoxy, phenyl optionally substituted with Ci-Ce 
alkyl or C1-C6 alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from C1-C6 alkyl; 
15 R 3 is hydrogen or Ci-C 6 alkyl optionally substituted with C3-C8 cycloalkyl or up 

to three times with fluoro and R 4 is hydrogen or Ci-Ce alkyl; or R 3 and R 4 taken together 
with the carbon atom to which they are attached form a C3-C6 cycloalkyl ring; 

R 5 is R 9 ; or -(CH 2 )o-2-OR 9 ; 

R 6 is hydrogen or phenyl; 
20 G is O; 

R 7 is selected independently at each occurrence from the group consisting of 
hydrogen, C1-C6 alkyl, and phenyl; 

R 8 is hydrogen; Ci-C 6 alkyl; phenyl; -C(0)(Ci-C 6 alkyl); or -S0 2 (Ci-C 6 alkyl); 

R 9 is hydrogen; C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 
25 (Ci-C 6 alkyl)silyl; C 2 -Ci 0 acyl; C 2 -C 6 alkenyl; or -(CH 2 )<m-R 10 ; 

R 10 is C3-C8 cycloalkyl; C 3 -Cg cycloalkanonyl; tetrahydrofiiryl; tetrahydropyranyl; 
or phenyl each optionally substituted with one substitutent selected from the group 
consisting of C 3 -Cs cycloalkyl, phenyl, and benzyl, up to four times with fluoro, or with 
one or two substitutents independently selected from the group consisting of halo, Ci-Ce 
30 alkyl optionally substituted up to three times with fluoro, C2-C6 acyl, C1-C6 alkoxy, 
hydroxy, and trifiuoromethoxy; or R 10 is adamantyl; 

R 11 hydrogen or a nitrogen protecting group; 
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R is hydrogen or an oxygen protecting group; or an acid addition salt thereof 
provided that at least one of R ir and R 12 is other than hydrogen. 

Additionally, the present invention provides intermediates of Formula III: 



5 




where: 

R 2 ' is C1-C3 alkyl optionally substituted with G3-C6 cycloalkyl; benzyl optionally 
monosubstituted in the phenyl ring with a substituent selected from the group consisting 

10 of halo, -OR 12 , thiol, Ci-C$ alkyl optionally substituted in the alkyl chain up to three times 
with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce 
alkoxy optionally substituted in the alkyl chain up to three times with fluoro or with C 3 - 
Ce cycloalkyl optionally substituted with C1-C3 alkyl, C 2 -C 6 alkenyloxy, Ci-C 6 alkylthio 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 

15 cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl optionally 
substituted with Ci-Ce alkyl or Q-C6 alkoxy, and phenylthio; benzyl disubstituted in the 
phenyl ring with a first substituent selected from the group consisting of halo, 
trifluoromethoxy, and Ci-C 6 alkyl optionally substituted in the alkyl chain up to three 
times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, and a 

20 second substituent selected from the group consisting of halo, -OR 12 , thiol, Ci-Q alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, Ci-C* alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with Q-C3 alkyl, C 2 -C 6 alkenyloxy, Ci-C<> alkylthio optionally substituted in 

25 the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 

substituted with C1-C3 alkyl C 3 -C 8 cycloalkoxy, phenyl optionally substituted with Ci-C* 
alkyl or Ci-Q alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
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three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from C3-C6 alkyl; 

R 3 is hydrogen or C1-C6 alkyl optionally substituted with C3-C8 cycloalkyl or up 
to three times with fluoro and R 4 is hydrogen or C1-C6 alkyl; or R 3 and R 4 taken together 
5 with the carbon atom to which they are attached form a C 3 -C 6 cycloalkyl ring; 

R 5 is R 9 ; or-CCH 2 )o-2-OR 9 ; 

R 6 is hydrogen or phenyl; 

Gis O; 

R 9 is hydrogen; C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 
10 (Ci-C 6 alkyl)silyl; Ci-C I0 acyl; C 2 -C 6 alkenyl; or -(CH 2 )(m-R 10 ; 

R 10 is C3-C8 cycloalkyl; C3-C8 cycloalkanonyl; telxahydrofuryl; tetrahydropyranyl; 
or phenyl each optionally substituted with one substitutent selected from the group 
consisting of C 3 -C 8 cycloalkyl, phenyl, and benzyl, up to four times with fluoro, or one or 
two substitutents independently selected from the group consisting of halo, Ci-C 6 alkyl 
15 optionally substituted up to three times with fluoro, C 2 -C6 acyl, Ci-C 6 alkoxy, hydroxy, 
and trifluoromethoxy; or R 10 is adamantyl; 

R ir is hydrogen or a nitrogen protecting group; 

R 12 is hydrogen or an oxygen protecting group; or an acid addition salt thereof. 
The present invention also provides intermediates of Formula IV: 

O R 11 



20 



IV 



where: 



R 3 is hydrogen or Ci-Ce alkyl optionally substituted with C3-C8 cycloalkyl or up 
to three times with fluoro and R 4 is hydrogen or Ci-C 6 alkyl; or R 3 and R 4 taken together 
25 with the carbon atom to which they are attached form a C 3 -Ce cycloalkyl ring; 
R 5 is R 9 ; or H;CH 2 ) 0 - 2 -OR 9 ; 
R 6 is hydrogen or phenyl; 
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R 9 is hydrogen; C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 
(Ci-C 6 alkyl)silyl; C1-C10 acyl; C 2 -C 6 alkenyl; or -(CH 2 )o-4-R 10 ; 

R 10 is C3-C8 cycloalkyl; C3-C8 cycloalkanonyl; tetrahydrofuryl; tetrahydropyranyl; 
or phenyl each optionally substituted with one substituted selected from the group 
5 consisting of C3-C8 cycloalkyl, phenyl, and benzyl, up to four times with fluoro, or one or 
two substitutents independently selected from the group consisting of halo, C1-C6 alkyl 
optionally substituted up to three times with fluoro, C2-C6 acyl, Ci-C 6 alkoxy, hydroxy, 
and trifluoromethoxy; or R 10 is adamantyl; 

R 11 is a nitrogen protecting group; provided that at least one of R 3 , R 4 , R 5 , and R 6 
10 are other than hydrogen. 

Additionally, the present invention provides intermediates of Formula V: 



R 11 OR 12 H 




V 

15 where: 

R 2 is C1-C3 alkyl optionally substituted with C3-C6 cycloalkyl; benzyl optionally 
monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, -OR 12 , thiol, Cj-Cs alkyl optionally substituted in the alkyl chain up to three times 
with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, C1-C6 

20 alkoxy optionally substituted in the alkyl chain up to three times with fluoro or with C3- 
C$ cycloalkyl optionally substituted with C1-C3 alkyl, C2-C6 alkenyloxy, C1-C6 alkylthio 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-Q5 
cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl optionally 
substituted with Q-C6 alkyl or Ci-Ce alkoxy, and phenylthio; benzyl disubstituted in the 

25 phenyl ring with a first substituent selected from the group consisting of halo, 

trifluoromethoxy, and Ci-Ce alkyl optionally substituted in the alkyl chain up to three 
times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, and a 
second substituent selected from the group consisting of halo, -OR 12 , thiol, C1-C6 alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
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cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C 3 -Ce cycloalkyl optionally 
substituted with C1-C3 alkyl, C 2 -C 6 alkenyloxy, Ci-C 6 alkylthio optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-Q cycloalkyl optionally 
5 substituted with C1-C3 alkyl C 3 -C 8 cycloalkoxy, phenyl optionally substituted with d-C 6 
alkyl or Ci-Q alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from Ci-Ce alkyl; 

R 11 is independently at each instance a nitrogen protecting group; 
10 R u is hydrogen or a nitrogen protecting group; 

R 12 is hydrogen or an oxygen protecting group; 

R n is an oxygen protecting group; or an acid addition salt thereof. 

Furthermore, the present invention provides intermediates of Formula VI: 



H OR lz H 



15 




VI 

where; 

R 1 is C r Cio alkyl optionally substituted with C 3 -C 8 cycloalkyl, phenyl, or furyl; 
C 2 -Cg alkenyl optionally substituted with C 3 -C s cycloalkyl, phenyl, or furyl; C 2 -C 8 

20 alkynyl optionally substituted with C 3 -C 8 cycloalkyl, phenyl, or furyl; or C 3 -Q 

cycloalkyl; each optionally substituted up to six times with fluoro, or with up to four 
substituents independently selected from the group consisting of halo, cyano, methyl 
optionally substituted with up to three fluoro atoms, trifiuoromethoxy, Ci-C 6 alkoxy, C3- 
C 7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 ; or R 1 is hydrogen; furyl optionally 

25 substituted with C(0)NR 7 R 7 or up to two times with Ci-C 6 alkyl; thienyl; tetrahydrofuryl; 
NR 7 R 8 ; or Q-Cs alkoxy; 

R 2 is Q-C 3 alkyl optionally substituted with C 3 -Q cycloalkyl; benzyl optionally 
monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, -OR 12 , thiol, Ci-C 6 alkyl optionally substituted in the alkyl chain up to three times 
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with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce 
alkoxy optionally substituted in the alkyl chain up to three times with fluoro or with C 3 - 
C 6 cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce alkenyloxy, Q-Cs alkylthio 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
5 cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl optionally 
substituted with d-Ce alkyl or Ci-Q alkoxy, and phenylthio; benzyl disubstituted in the 
phenyl ring with a first substituent selected from the group consisting of halo, 
trifluoromethoxy, and Q-Ce alkyl optionally substituted in the alkyl chain up to three 
times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, and a 

10 second substituent selected from the group consisting of halo, -OR 12 , thiol, Ci-Q alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C2-C 6 alkenyloxy, Ci-C 6 alkylthio optionally substituted in 

15 the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 

substituted with C1-C3 alkyl C3-C8 cycloalkoxy, phenyl optionally substituted with Ci-C$ 
alkyl or C1-C6 alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from Ci-C 6 alkyl; 

20 R 7 is selected independently at each occurrence from the group consisting of 

hydrogen; Ci-C 6 alkyl; and phenyl; 

R 8 is hydrogen; Ci-C 6 alkyl; phenyl; -C(0)(d-C 6 alkyl); or-S0 2 (Ci-C 6 alkyl); 
R n is hydrogen or a nitrogen protecting group; 
R 12 is hydrogen or an oxygen protecting group; 

25 R 12 is an oxygen protecting group; or an acid addition salt thereof. 

Additionally, the present invention provides intermediates of Formula VII: 
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where: 

R 2 ' is C1-C3 alkyl optionally substituted with C3-C6 cycloalkyl; benzyl optionally 
monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, -OR 12 , thiol, Ci-Ce alkyl optionally substituted in the alkyl chain up to three times 
5 with fluoro or with C 3 -C 6 cycloalkyl optionally substituted with C1-C3 alkyL, C1-C6 

alkoxy optionally substituted in the alkyl chain up to three times with fluoro or with C 3 - 
C 6 cycloalkyl optionally substituted with C1-C3 alkyl, C 2 -C 6 alkenyloxy, C x -C 6 alkylthio 
optionally substituted in the alkyl chain up to three times.with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, C 3 -Cg cycloalkoxy, phenyl optionally 

1 0 substituted with C1-C6 alkyl or C\-C^ alkoxy, and phenylthio; benzyl disubstituted in/die 
phenyl ring with a first substituent selected from the group consisting of halo, 
trifluoromethoxy, and C1-C6 alkyl optionally substituted in the alkyl chain up to three 
times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, and a 
second substituent selected from the group consisting of halo, -OR 12 , thiol, Ci-Q alkyl 

1 5 optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 

cycloalkyl optionally substituted with C1-C3 alkyl, C1-C6 alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C 2 -C 6 alkenyloxy, C r C 6 alkylthio optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 

20 substituted with C1-C3 alkyl C 3 -C 8 cycloalkoxy, phenyl optionally substituted with Ci-C 6 
alkyl or C\-Ce alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from Ci-Ce alkyl; 

R 3 is hydrogen or C1-C6 alkyl optionally substituted with C3-C8 cycloalkyl or up 

25 to three times with fluoro and R 4 is hydrogen or Ci-Ce alkyl; or R 3 and R 4 taken together 
with the carbon atom to which they are attached form a C3-C6 cycloalkyl ring; 

R 5 * is hydroxy and R 6 * is hydrogen or R 5 and R 6 together with the carbon to 
which they are attached form a carbonyl moiety; 
R 11 is a nitrogen protecting group; 

30 R ir is hydrogen or a nitrogen protecting group; 

R 12 is hydrogen or an oxygen protecting group; or an acid addition salt thereof 
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The present invention further provides a process for the preparation of a 
compound of Formula I: 




I 

5 where: 

R 1 is hydrogen; Ci-Ci 0 alkyl optionally substituted with C 3 -C 8 cycloalkyl, phenyl, 
or furyl; C2-Cg alkenyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; C2- 
C§ alkynyl optionally substituted with C 3 -Cg cycloalkyl, phenyl, or furyl; or C 3 -Cs 

cycloalkyl; each optionally substituted up to six times with fluoro, or with up to four 

i 

10 substituents independently selected from the group consisting of halo, cyano, methyl 

optionally substituted with up to three fluoro atoms, trifluoromethoxy, C1-C6 alkoxy, C3- 
C 7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 ; or R 1 is hydrogen; furyl optionally 
substituted with C(0)NR 7 R 7 or up to two times with C\-Ce alkyl; thienyl; tetrahydrofuryl; 
NR 7 R 8 ; or Ci-C 6 alkoxy; 

15 R 2 is C1-C3 alkyl optionally substituted with C 3 -C 6 cycloallcyl; benzyl optionally 

monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, hydroxy, thiol, benzyloxy, Ci-Ce alkyl optionally substituted in the alkyl chain up 
to three times with fluoro or with Cs-Cs cycloalkyl optionally substituted with C1-C3 
alkyl, Ci-Ce alkoxy optionally substituted in the alkyl chain up to three times with fluoro 

20 or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, C2-C6 alkenyloxy, Ci-Cg 
alkylthio optionally substituted in the alkyl chain up to three times with fluoro or with C3- 
C$ cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl 
optionally substituted with Ci-C 6 alkyl or Ci-C 6 alkoxy, and phenylthio; ben2yl 
disubstituted in the phenyl ring with a first substituent selected from the group consisting 

25 of halo, trifluoromethoxy, and C\-Ce alkyl optionally substituted in the alkyl chain up to 
three times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, 
and a second substituent selected from the group consisting of halo, Ci-C^ alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, Ci-C^ alkoxy optionally substituted in 
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10 



15 



20 



the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C 2 -C 6 alkenyloxy, C r C6 alkylthio optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C 3 -C H cycloalkoxy, phenyl optionally substituted with C1-C6 
alkyl or Ci-Ce alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from Ci-C^ alkyl; 

R 3 is hydrogen or Ci-C$ alkyl optionally substituted with C 3 -C$ cycloalkyl or up 
to three times with fluoro and R 4 is hydrogen or Ci-C 6 alkyl; or R 3 and R 4 taken together 
with the carbon atom to which they are attached form a C3-C6 cycloalkyl ring; 

R 5 is hydrogen; R 9 ; or -<CH 2 )o- 2 -OR 9 ; 

R 6 is hydrogen or phenyl; 

GisO; 

R 7 is selected independently at each occurrence from the group consisting of 
hydrogen, Ci-C 6 alkyl, and phenyl; 

R 8 is hydrogen; Ci-C 6 alkyl; phenyl; -C(0)(C r C 6 alkyl); or-SO^Cj-Q; alkyl); 

R 9 is hydrogen; C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 
(d-C 6 alkyl)silyl; C2-C10 acyl; C 2 -C 6 alkenyl; or -(CH 2 )o-4-R 10 ; 

R 10 is C3-C8 cycloalkyl; C3-C8 cycloalkanonyl; tetrahydrofiiryl; tetrahydropyranyl; 
or phenyl each optionally substituted with one substituted selected from the group 
consisting of C 3 -C 8 cycloalkyl, phenyl, and benzyl, up to four times with fluoro, or with 
one or two substitutents independently selected from the group consisting of halo, C1-C6 
alkyl optionally substituted up to three times with fluoro, C 2 -C 6 acyl, C1-C6 alkoxy, 
hydroxy, and trifluoromethoxy; or R 10 is adamantyl; or a pharmaceutical^ acceptable salt 
thereofcomprising the steps of: 

a) deprotecting a compound of Formula 11(a): 
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11(a) 

where: 

R 1 is C1-C10 alkyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; 
C2-Cg alkenyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; Ct-C% 
5 alkynyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; or C3-C8 

cycloalkyl; each optionally substituted up to six times with fluoro, or with up to four 
substituents independently selected from the group consisting of halo, cyano, methyl 
optionally substituted with up to three fluoro atoms, trifluoromethoxy, Ci-Ce alkoxy, C3- 
C7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 ; or R 1 is hydrogen; furyl optionally 

1 0 substituted with C(0)NR 7 R 7 or up to two times with Ci-C 6 alkyl; thienyl; tetrahydrofuryl; 
NR 7 R 8 ; or Ci-C 6 alkoxy; 

R 2 is C1-C3 alkyl optionally substituted with C3-C6 cycloalkyl; benzyl optionally 
monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, hydroxy, thiol, benzyloxy, Ci-Ce alkyl optionally substituted in the alkyl chain up 

15 to three times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 

alkyl, C1-C6 alkoxy optionally substituted in the alkyl chain up to three times with fluoro 
or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, C2-C6 alkenyloxy, Ci-C 6 
alkylthio optionally substituted in the alkyl chain up to three times with fluoro or with C 3 - 
C6 cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl 

20 optionally substituted with Q-Cg alkyl or Ci-Ce alkoxy, and phenylthio; benzyl 

disubstituted in the phenyl ring with a first substituent selected from the group consisting 
of halo, trifluoromethoxy, and C\-Ce alkyl optionally substituted in the alkyl chain up to 
three times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, 
and a second substituent selected from the group consisting of halo, Ci-Ce alkyl 

25 optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 

cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C2-C6 alkenyloxy, Ci-Cg alkylthio optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 

30 substituted with C1-C3 alkyl, C 3 -Cs cycloalkoxy, phenyl optionally substituted with Ci-Cg 
alkyl or Ci-Ce alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
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three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from Ci-Ce alkyl; 

R 3 is hydrogen or Ci-C 6 alkyl optionally substituted with C 3 -Cg cycloalkyl or up 
to three times with fluoro and R 4 is hydrogen or Ci-Cs alkyl; or R 3 and R 4 taken together 
5 with the carbon atom to which they are attached form a C3-C6 cycloalkyl ring; 

R 5 is R 9 ; or -<CH 2 ) 0 - 2 -OR 9 ; 

R 6 is hydrogen or phenyl; 

GisO; 

R 7 is selected independently at each occurrence from the group consisting of 
10 hydrogen, C1-C6 alkyl, and phenyl; 

R 8 is hydrogen; d-C 6 alkyl; phenyl; -C(0)(Ci-C 6 alkyl); or -S0 2 (d-C 6 alkyl); 
R 9 is hydrogen; C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 
(Ci-C 6 alkyl)silyl; C 2 -Ci 0 acyl; C 2 -C 6 alkenyl; or -(CH 2 ) 0 -4-R 10 ; 

R 10 is C3-C8 cycloalkyl; C 3 -C 8 cycloalkanonyl; tetrahydrofuryl; tetrahydropyranyl; 
15 or phenyl each optionally substituted with one substitutent selected from the group 

consisting of C3-CS cycloalkyl, phenyl, and benzyl, up to four times with fluoro, or with 
one or two substitutents independently selected from the group consisting of halo, Q-C6 
alkyl optionally substituted up to three times with fluoro, C 2 -C6 acyl, Q-C6 alkoxy, 
hydroxy, and trifluoromethoxy; or R 10 is adamantyl; 
20 R u hydrogen or a nitrogen protecting group; 

R 12 is hydrogen or an oxygen protecting group; or an acid addition salt thereof 
provided that at least one of R ir and R 12 is other than hydrogen; and 

b) optionally treating the compound of Formula I with a pharmaceutical^ 
acceptable acid to form the corresponding pharmaceutically acceptable salt. 
25 The general chemical terms used in the formulae above have their usual meanings. 

For example, the term "C1-C3 alkyl" includes methyl, ethyl, propyl, and isopropyl, and 
the terms "Ci-C 8 alkyl" and "C4-C10 alkyl" include methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, and hexyl moieties, and the like. 

The term "C3-C5 cycloalkyl" includes cyclopropyl, cyclobutyl, and cyclopentyl 
30 moieties, the term "C 3 -C 6 cycloalkyl" includes cyclopropyl, cyclobutyl, cyclopentyl, 
cyclohexyl, and bicyclo[2.1.1]hexyl moieties, likewise, the term "C3-C8 cycloalkyl" 
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includes cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, bicyclo[2.1.1]hexyl, 
cycloheptyl, cyclooctyl, and bicyclo[3.1.1]heptyl moieties. 

The term "C2-C3 alkenyl" includes ethenyl, prop-l-en-3-yl ? prop-l-en-2-yl, and 
the like. The terms "C 2 -C 6 alkenyl", "C 2 -C 8 alkenyl" and "C 2 -Ci 0 alkenyl" include 
5 ethenyl, prop-l-en-3-yl, prop-l-en-2-yl, 2-methylprop-l-en-l-yl, and the like. 

The terms "C2-C8 alkynyl" and "C2-C10 alkynyl" include ethynyl, prop-1 -yn-3-yl, 
prop-1 -yn-l-yl, 4-methylpent-2-yn-l-yl, and the like. 

The term "C1-C10 acyl" includes formyl, acetyl, propionyl, isobutyryl, and the 

like. 

10 "Halo" includes fluoro, chloro, bromo, and iodo. 

The terms "Q-C3 alkoxy" and "Ci-C 6 alkoxy" are a C1-C3 alkyl group or a Ci-Ce 
alkyl group, respectively, bonded to an oxygen atom and include methoxy, ethoxy, 
isopropoxy, tert-butoxv, and the like. Similarly, the terms "C3-C5 cycloalkoxy" and "C3- 
Cs cycloalkoxy" are a C3-C5 cycloalkyl group or a C3~Cg cycloalkyl group, respectively, 

15 bonded through an oxygen atom and include cyclopropoxy, cyclobutoxy, cyclopentoxy, 
and the like. Similarly the term "Ci-C 6 alkylthio" is a Ci-C 6 alkyl group bonded to a 
sulfur atom and include methylthio, ethylthio, isopropylthio, and the like. 

The term "Cj-Cio alkyl optionally substituted with C3-C8 cycloalkyl, phenyl, or 
furyl" is taken to mean a C1-C10 alkyl moiety optionally substituted with one C3-C8 

20 cycloalkyl, phenyl, or furyl moiety at any available carbon atom in the C1-C10 alkyl 
moiety and includes cyclopropylmethyl, 2-cyclohexyleth-l-yl, benzyl, and the like. 
Similarly, "C2-C8 alkenyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl" 
and "C2-Cg alkynyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl" are 
taken to mean a C2-C8 alkenyl or C2-C8 alkynyl moiety optionally substituted at any 

25 available carbon atom in the C 2 -C8 alkenyl or C 2 -Cs alkynyl moiety. Any of the "CpCio 
alkyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl", "C 2 -C 8 alkenyl 
optionally substituted with C3-Q cycloalkyl, phenyl, or furyl" and "C2-C 8 alkynyl 
optionally substituted with C3-Q cycloalkyl, phenyl, or furyl" moieties may be further 
substituted up to three times at any available carbon on the alkyl, alkenyl, or alkynyl 

30 chains or in the C3-C8 cycloalkyl, phenyl, or furyl rings up to six times with fluoro, or 
with up to four substituents independently selected from the group consisting of halo, 
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cyano, methyl optionally substituted up to three times with fluoro, trifluoromethoxy, Ci- 
C 6 alkoxy, C3-C7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 . 

The term "Q-C6 alkoxy optionally substituted in the alkyl chain up to three times 
with fluoro or with C3-C8 cycloalkyl optionally substituted with Q-C3 alkyl" is taken to 
5 mean a C1-C6 alkoxy moiety optionally substituted either up to three times with fluoro 
groups at any available carbon atoms in the C1-C6 alkoxy moiety or with one C3-C8 
cycloalkyl moiety at any available carbon atom in the Ci-C$ alkoxy moiety and said C 3 - 
Cg cycloalkyl moiety is optionally substituted with a C1-C3 alkyl group. Similarly, the 
terms "Ci-Ce alkyl optionally substituted in the alkyl chain up to three times with fluoro 

10 or with C 3 -C 6 cycloalkyl optionally substituted with C1-C3 alkyl" and "Ci-C 6 alkylthio 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl" is taken to mean a Ci-C 6 alkylthio 
moiety or C1-C6 alkyl moiety optionally substituted either up to three times with fluoro or 
with one C3-C8 cycloalkyl moiety at any available carbon atoms in the C1-C6 alkylthio or 

15 C1-C6 alkyl moiety and said C3-C8 cycloalkyl moiety is optionally substituted with a Ci- 
C 3 alkyl group. 

The term "C r C 4 alkyl substituted with C 3 -C 8 cycloalkyl" is taken to mean a C1-C4 
alkyl moiety substituted at any available carbon with a C 3 -C 8 cycloalkyl group and 
includes spiro-fusion of the C3-C8 cycloalkyl group to the C1-C4 alkyl moiety. 
20 The term "oxo" is taken to mean an oxygen atom double bonded to a carbon atom 

to form a carbonyl moiety; 

The term "C2-C6 alkenyloxy" is taken to mean a C2-C6 alkenyl moiety bonded 
through an oxygen atom and include allyloxy, prop-l-en-3-yloxy ? and the like. 

The term "C3-C8 cycloalkanonyl" is taken to mean a C3-C8 cycloalkyl moiety 
25 substituted with an oxo group and includes cyclohexanone, cyclooctanone and the like. 

The term tc txi-(Ci-C6 alkyl)silyl" is taken to mean a silyl group substituted with 
three substituents independently selected from Ci-Ce alkyl and includes trimethylsilyl and 
ethyldimethylsilyl. 

The term "nitrogen protecting group" is taken to mean a moiety that is stable to 
30 projected reaction conditions and yet may be selectively removed by reagents and 

reaction conditions compatible with the regenerated amine. Such groups are well known 
by the skilled artisan and are described in the literature. (See, for example : Greene and 
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Wuts, Protective Groups in Organic Synthesis, Third Edition, Chapter 7, John Wiley and 
Sons Inc., (1999)). Nitrogen protecting groups contemplated include: 
a) suitable carbamates, such as: 

1) C1-C7 alkyl carbamates including methyl, ethyl, tert-butyi tert-amyl, 
diisopropylmethyl carbamates, and the like; 

2) substituted ethyl carbamates, such as 2,2,2-trichloroethyl, 2- 
IrimethylsUylethyl, 2-phenylethyl, lj-dimetiiyl^-haloethyl, 1,1- 
dimethyl-2,2-dibromoethyl, l,l-dimethyl-2,2,2-tricttoro-etriyl, 2- 
(pyridin-2-yl)ethyl, 2-(pyridin-4-yI)ethyl, 2-methyltfnoethyl, 2- 
methylsulfonylethyl, 2^fe-tolueuesulfonyl)ethyl, 2-phosphonioethyl, 
l,l-dimethyI-2~cyanoethyl, 2-iodoethyl carbamates, and the like; 

3 ) 1 -adamantyl carbamate; 

4) vinyl carbamate; 

5) aliyl carbamate; 

6) 1-isopropylallyl carbamate; 

7) cinnamyl carbamates, such as cinnamyl carbamate, 4-nitrocinnamyl, 
and the like; 

8) 8-quinolinyl carbamate; 

9) N-hydroxypiperidinyl carbamate; 

10) Ci-C4alkyldithio carbamates; 

11) Benzyl carbamates, such as benzyl, 4-methoxybenzyl, 4-nitrobenzyl, 
4-haiobenzyl, 4-cyanobenzyl, 4-decyloxybenzyl, 2,4-dichlorobenzyl, 
3,5-dimethoxybenzyl, 2-nitrobenzyl, 3 9 4-dimethoxy-6-nitrobenzyl ? 
phenyl (2-nitrophenyl)methyl, 4-methylsulfinylbenzyl, 9- 
anthrylmethyl, diphenylmethyl, 3-chloro-4-(C 2 -C6 acyloxy)benzyl, 4- 
(dihydroxyboryl)benzyl carbamates, and the like; 

12) 2-(l,3-dithianyl)methyl carbamate; 

13) aryl carbamates, such as phenyl, nicotinyl, 4-(methylthio)phenyl, 2,4- 
di(methylthio)phenyl, 3-nitrophenyl carbamates, and the like; 

14) 2-triphenylphosphonioisopropyl carbamate; 

15) 5-benzisoxazolylmethyl carbamate; 

16) . 2-(trtfluoromethyl)-6-chromonylmethyl carbamate; 
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1 7) S -benzyl thiocarbamale; and 

18) C3-C8 cycloalkyl carbamates, such as cyclobutyl, cyclopentyl, 1- 
methylcyclohexyl, cyclopropylmethyl carbamates, and the like; 

b) suitable ureas, such as: 

1) phenothiazinyl-(10)-carbonyl; 

2) N'-(E-toluenesulfonylaminocarbonyl); and 

3) N'-phenylaminothiocarbonyl; 

c) suitable formyl and acyl groups, such as: 

1) formyl; and 

2) acetyl groups, such as acetyl, chloroacetyl, trichloroacetyl, 
trifluoroacetyl, 4-chlorobutanoyl, phenylacetyl, 3-phenylpropanoyl, N- 
benzoylphenylalanyl, 2-nitrophenylacetyl, 2-nitrophenoxyacetyl, 
acetoacetyl, and the like; 

d) suitable aroyl groups, such as: 

1) picolinoyl; 

2) 3-pyridinylcarbonyl; 

3) benzoyl; 

4) 4-phenylbenzoyl; 

5) 2-nitrobenzoyl; and 

6) 2-nitrocinnamoyl, and the like; 

e) suitable cyclic imide groups, such as: 

1) N-phthalirmde; 

2) N-ditMasurcinimide; 

3) N-2,3-diphenylmaleimide; and 

4) N-2,5-dimethylpyrrole, and the like; 

f) allyl; 

g) 3-acetoxypropyl; 

h) suitable benzylic groups, such as benzyl, 2-methylbenzyl, a-methylbenzyl, 
and the lilce; 

i) triphenyhnethyl; and 

j) suitable imine moieties, such as: 

1 ) 1,1 -dimeliiyllWomelhyleneimine; 
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2) benzylidene imine; and 

3) (hphenylmethyleneimine, and the like. 

The term "oxygen protecting group" is taken to mean a moiety that is stable to 
projected reaction conditions and yet may be selectively removed by reagents and 
reaction conditions compatible with the regenerated alcohol. Such groups are well known 
by the skilled artisan and are described in the literature. (See, for example : Greene and 
Wuts, Protective Groups in Organic Synthesis- Third Edition, Chapter 7, John Wiley and 
Sons Inc., (1999)). Oxygen protecting groups contemplated include: 

a) methyl and substituted methyl groups such as methoxymethyl, methylthio- 
methyl, (phenyldimethylsilyl)methoxymethyl, benzyloxymethyl, p-methoxy- 
benzyloxymethyl, p-nitrobenzyloxy-methyl, o-nitrobenzyloxymethyl, (4- 
methoxyphenoxy)methyl 5 guiaiacolmethyl, tert-butoxymethyl, 4-pentenyloxy- 
methyl, siloxymethyl, 2-methoxyethoxymethyl, 2^,2-tricMoroeth-oxymethyl, 
bis(2-chloroethoxy)methyl ? 2-(trimethylsUyl)ethoxymethyl ? 2-quinolinyl- 
methyl, l-pyrenylmethyl ? diphenylmethyl, triphenylmethyl, and the like; 

b) tetrahydropyranyl and substituted tetrahydropyranyl groups such as 3- 
bromotetrahydropyranyl, tetrahydrothiopyranyl, 1 -methoxycyclohexyl, 4- 
methoxytetrahydropyranyl, 4-meihoxytetrahydrothiopyranyl, 4- 
methoxytetrahydropyranyl-S,S-dioxide, and the like; 

c) tetrahydrofuranyl and substituted tetrahydrofuranyl groups such as 
tetrahydrothiofuranyl and the like; 

d) ethyl and substituted ethyl groups such as 1-ethoxyethyl, l-(2-chloroethoxy)- 
ethyl, l-[(2-trimethylsilyl)ethoxy]ethyl a 1 -methyl- 1-methoxy-ethyl, 1 -methyl - 
1-benzyloxy ethyl, l-methyl-l-benzyloxy-2-fluoroethyl ? 1 -methyl- 1-phenoxy- 
ethyl, 2,2,2-trichloroethyl, l 5 l-dianisyl-2 ? 2 5 2-trichloroethyl, 1,1,1,3,3,3-hexa- 
fluoro-2-phenylisopropyl 3 2-trimethylsilyletiiyl., 2-(benzylthio)ethyl 5 2- 
(phenylselenyl)ethyl 5 tert-butvL and the like; 

e) allyl; 

f) propargyl; 

g) substituted phenyl groups such as p-chlorophenyl, p-nitrophenyl, 2,4-dinitro- 
phenyl, 2 > 3,5 5 6-tetra£luoro-4-(trifluoromethyl)phenyl :> and the like; 
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h) benzyl and substituted benzyl groups such as p-methoxybenzyl, 3,4- 
dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl, p-halobenzyl, 2,6-dichloro- 
benzyl, p-cyanobenzyl, p-phenylbenzyl, 2,6-difluorobenzyl, p-acylamino- 
benzyl, p-azidobenzyl, 4-azido-3-chlorobenzyl, 2-trifluoromethylben2yL> p- 

5 (methylsulfinyl)benzyl, and the like; 

i) silyl groups such as trimethylsilyl, triethylsilyl, triisopropylsilyl, dimethyliso- 
propylsilyl, diethylisopropylsilyl, dimethylthexylsilyl, tert-butyldimethylsilyl, 
tert-butvldiphenvlsilyL tribenzylsilyl, tri-p-xylylsilyl, triphenylsilyl, diphenyl- 
methyisilyl, di-tert-butylmethylsilyl, tris(trimethylsilyl)silyl, (2-hydroxy- 

1 0 styiyl)dimethylsilyl, (2-hydroxystyryl)diisopropylsilyl, tert-butyimethoxy- 

phenyl silyl, tert-butoxvdiphenvlsilyl, and the like; 
j) foimyl and benzoylformyl groups; 

k) acetyl and substituted acetyl groups such as chloroacetyL, dichloroacetyl, 
trichloroacetyl, trifluoroacetyl, methoxyacetyl, triphenylmethoxyacetyl, 
1 5 phenoxyacetyl, p-chlorophenoxyacetyl, phenylacetyl, chlorodiphenylacetyl 

and the like; 
- 1) pivaloyl; 
m) crotonyl; 

n) benzoyl and substituted benzoyl groups such as p-phenylbenzoyl, 2- 
20 chlorobenzoyl, 4-bromobenzoyl, 2,4,6-trimethylbenzoyl; 

o) methoxycarbonyl and substituted methoxycarbonyl groups such as 

methoxymethoxycarbonyl, 9-flurenyimethoxycarbonyl 5 and the like; 
p) ethoxycarbonyl and substituted ethoxycarbonyl groups such as 2,2,2- 
trichloroethoxycarbonyl, l > l-dimethyl-2 5 2^-trichloroethoxycarbonyl, 2- 
25 (trimethylsilyl)ethoxycarbonyl 9 2-dansylethoxycarbonyl 9 2-(4-nitrophenyl)- 

ethoxycarbonyl, 2-(2 5 4-dinitrophenyl)ethoxycarbonyl, 2-cyano-l -phenyl- 
ethoxycarbonyl, and the like; 
q) isobutoxycarbonyl; 
r) vinyloxycarbonyl; 
30 s) aUyloxycarbonyl; 
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t) substituted phenoxycarbonyl groups such as j>nitrophenoxycarbonyl, 2- 
iodophenoxycarbonyl, 2-cMorophenoxycarbonyl, 4-bromophenoxycarbonyl, 
4-nitrophenoxycarbonyl 5 o-(dibromomethyl)phenoxycarbonyl 5 and the like; 
u) benzyloxycarbonyl and substituted benzyloxycarbonyl groups such as j>- 
5 methoxybenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl, o-nitrobenzyl- 

oxycarbonyl, E-nitrobenzyloxycarbonyl, and the like; and 
. v) . sulfonyl groups such as methanesulfonyl, benzylsulfonyl, E-toluenesulfonyl, 

2-[(4-nitrophenyl)ethyl]sulfonyl 5 and the like. 
The term "inhibition of production of A-p peptide" is taken to mean decreasing of 
1 0 excessive in vivo levels of A-P peptide in a mammal to normal or sub-normal levels. 

The term "effective amount of a compound of Formula F' is taken to mean the 
dose or doses of a compound of Formula I required to inhibit BACE sufficiently to 
decrease in vivo levels of A-p peptide in a mammal to normal or sub-normal levels. 

The term "treatment" includes treating one or more disease symptoms present in a 
15 patient as well as slowing, arresting, or reversing the progression of the disease. 
The term "BACE" includes both BACE1 and BACE2. 

Mild cognitive impairment has been defined as a potential prodromal phase of 
dementia associated with Alzheimer's disease based on clinical presentation and on 
progression of patients exhibiting mild cognitive impairment to Alzheimer's dementia 

20 over time. (Morris, et aL, Arch. Neurol., 58, 397-405 (2001); Petersen, et aL, Arch. 

Neurol., 56, 303-308 (1999)). The term "prevention of the progression of mild cognitive 
impairment to Alzheimer's disease" includes slowing, arresting, or reversing the 
progression of mild cognitive impairment to Alzheimer's disease in a patient 

The skilled artisan will understand that compounds of Formulae I - III and V-VH 

25 are comprised of a l-amino-2-hydroxyethyl core that contains two chiral centers. 

Although the present invention contemplates all individual enantiomers or diastereomers, 
as well as mixtures of the enantiomers and diastereomers of said compounds including 
racemates, the 1(S),2(S) diastereomer is preferred for compounds of Formula I as 
illustrated in Figure (i): 
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OH 



NO 




N 



R' 



CO- 



The preferred diastereomers of compounds of Formulae H, HI, and V-VII are those that 
will result in the 1 (S),2(S) diastereomer when the intermediate is converted to a 
5 compound of Formula I. The skilled artisan will also appreciate that the cyclic amine 
moiety in these formulae introduces a third contiguous chiral center into the molecules. 
Although the present invention contemplates all individual enantiomers or diastereomers, 
as well as mixtures of the enantiomers and diastereomers of said compounds including 
racemates, it is preferred that compounds of the invention exist as single enantiomers at 
10 the chiral center introduced by the cyclic moiety. It is especially preferred that the three 
contiguous chiral centers in the core structure of compounds of Formulae I — IK and V- 
VII exist with the absolute configurations illustrated in the following Figure (ii): 



Furthermore, the skilled artisan will appreciate that additional chiral centers are created in 
1 5 compounds of Formulae I-IV and VTI when variable R 3 differs from variable R 4 or when 
variable R 5 differs from variable R 6 . The present invention contemplates all individual 
enantiomers or diastereomers, as well as mixtures of the enantiomers and diastereomers 
of said compounds including racemates. Compounds of Formulae I-IV and VII where R 4 
and R 6 are hydrogen and R 3 and R 5 are other than hydrogen are preferred. It is also 
20 preferred that compounds of Formulae I-IV and VII where R 4 and R 6 are hydrogen and R 3 
and R 5 are other than hydrogen exist in the following absolute configuration: 



The single enantiomers or diastereomers may be prepared beginning with chiral reagents 
or by stereoselective or stereospecific synthetic techniques. Alternatively, the single 



OH 



N 




(ii) 
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enantiomers or diastereomers may be isolated fiom mixtures by standard chiral 
chromatographic or crystallization techniques at any convenient point in the synthesis of 
compounds of the invention. Single enantiomers and diastereomers of compounds of the 
invention are a preferred embodiment of the invention. 
5 It will be understood by the skilled reader that many or all of the compounds of 

Formulae I-III and V-VH are capable of forming salts with any of a number of inorganic 
and organic acids. In all cases, the pharmaceutically acceptable salts of all of the 
compounds of Formula I, and acid addition salts of the compounds of Formulae II, IH, 
and V-VH are included in the names of them. Methods for preparation of 

10 pharmaceutically acceptable salts of compounds of the present invention are well known 
to the skilled artisan (See : Stahl, P. Heinrich and Wermuth, Camille G., "Handbook of 
Pharmaceutical Salts: Properties, Selection and Use," VCHA/Wiley-VCH (2002); and 
Berge, S.M., Bighley, L.D., and Monkhouse, D.C. "Pharmaceutical Salts," Journal of 
Pharmaceutical Sciences. 66(1), (January 1977)). Preferred salts in all cases are those 

1 5 formed with hydrochloric acid or trifluoroacetic acid. 

Although all of the compounds of Formula I are useful inhibitors of B ACE, 
certain classes of compounds are preferred. The following paragraphs describe such 
preferred classes: 

aa) R 1 is Ci-Cio alkyl optionally substituted with Ci-C 6 alkoxy, oxo, or up to 
20 three times with fluoro; 

ab) R 1 is C1-C6 alkyl optionally substituted with Ci-C 6 alkoxy; 

ac) R 1 is methyl optionally substituted with methoxy; 

ad) R 1 is methyl; 

ae) R 1 is Ci-Cio alkyl optionally substituted with C3-C8 cycloalkyl, phenyl, or 
25 furyl; C2-C 8 alkenyl optionally substituted with C 3 -Cg cycloalkyl, phenyl, or 

furyl; C 2 -C 8 alkynyl optionally substituted with C 3 -C 8 cycloalkyl, phenyl, or furyl; 
or C 3 -Cg cycloalkyl; each optionally substituted up to six times with fluoro, or 
with up to four substituents independently selected from the group consisting of 
halo, cyano, methyl optionally substituted with up to three fluoro atoms, 
30 trifluoromethoxy, d~C 6 alkoxy, C3-C7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 ; 

af) R 1 is benzyl; 

ag) R 2 is benzyl optionally mono- or difluorinated in the phenyl ring; 
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ah) R 2 is benzyl; 

ai) R 2 is 3-fluorobenzyl; 
aj) R 2 is 3,5-difluorobenzyl; 

ak) R 2 is benzyl optionally monosubstituted in the 3-position of the phenyl 
5 ring with a substituent selected from the group consisting of halo, Ci-C 6 

alkyl optionally substituted in the alkyl chain up to three times with fluoro, 
Ci-Ce alkoxy optionally substituted in the alkyl chain up to three times 
with fluoro, C1-C6 alkylthio optionally substituted in the alkyl chain up to 
three times with fluoro, and C3-C8 cycloalkoxy; or di substituted in the 
10 phenyl ring with a first substituent selected from the group consisting of 

halo and trifluoromethoxy and a second substituent selected from the 
group consisting of halo, C1-C6 alkyl optionally substituted in the alkyl 
chain up to three times with fluoro, Cy-Ce alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro, Ci-Ce alkylthio optionally 
1 5 substituted in the alkyl chain up to three times with fluoro, and C3-C8 

cycloalkoxy; 
al) R 2 is 3-propoxybenzyl; 
am) R 2 is 3-(2-fluoroethoxy)benzyl; 
an) R 2 is 5-fluoro-3-propoxybenzyl; 
20 ao) R 3 is hydrogen; 

ap) R 3 is methyl or ethyl; 
aq) R 4 is hydrogen; 

ar) R 3 is methyl or ethyl, and R 4 is hydrogen; 
as) R 5 is R 9 or -<CH 2 )o-2-OR 9 ; 
25 at) R 5 is -(CH 2 )o-2-OR 9 ; 

au) R 5 is OR 9 ; 
av) R 6 is hydrogen; 
aw) R 5 is OR 9 and R 6 is hydrogen; 

ax) R 9 is C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or Ci-Ce 
30 alkoxy; 

ay) R 9 is neopentyl; 

az) R 9 is neopentyl substituted with 1-6 fluorine atoms; 
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ba) 


R'is-ccHjWR 10 ; 


bb) 


R 9 is-CH 2 -R 10 ; 


be) 


R 10 is C3-C8 cycloalkyl optionally substituted with up to 4 fluorine atoms; 


bd) 


R 10 is cyclohexyl; 


be) 


R 10 is adamanfyl; 


bf) 


The compound of Formula I is a free base; 


bg) 


The compound of Formula I is a pharmaceutically acceptable salt; 


bh) 


The compound of Formula I is the hydrochloride salt 



Preferred embodiments of the invention include all combinations of paragraphs aa)-bh). 

10 Especially preferred compounds of Formula I are those where R is Ci-Ce alkyl optionally 
substituted with C1-C6 alkoxy and R 2 is benzyl; 3-fluorobenzyl; 3,5-difiuorobenzyl; or 
benzyl substituted in the 3-position of the phenyl ring with Ci-Ce alkoxy optionally 
substituted up to three times with fluoro, C1-C6 alkyl optionally substituted up to three 
times with fluoro, Ci-C 6 alkylthio optionally substituted up to three times with fluoro, or 

15 C3-C8 cycloalkoxy and optionally further substituted in the 5-position with fluoro. 

A preferred subgenus of compounds of Formula I are compounds of Formula 1(a): 



H OH H 




1(a) 



20 where; 

R r is hydrogen; benzyl; or Ci-Cw alkyl optionally substituted with Ci-Q alkoxy, 
oxo, or up to six times with fluoro; 

R 2 ' is benzyl optionally monosubstituted in the 3-position of the phenyl ring with 
a substituent selected from the group consisting of halo, C1-C6 alkyl optionally substituted 
25 in the alkyl chain up to three times with fluoro, Ci-C 6 alkoxy optionally substituted in the 
alkyl chain up to three times with fluoro, Ci-Ce alkylthio optionally substituted in the 
alkyl chain up to three times with fluoro, and C3-C8 cycloalkoxy; or benzyl disubstituted 
in the phenyl ring with a first substituent selected from the group consisting of halo and 
trifluoromethoxy and a second substituent selected from the group consisting of halo, Ci- 
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C6 alkyl optionally substituted in the alkyi chain up to three times with fluoro, Q-C6 
alkoxy optionally substituted in the alkyl chain up to three times with fluoro, Ci-C 6 
alkylthio optionally substituted in the alkyl chain up to three times with fluoro, and C3-C8 
alkoxy; 

5 R 3 is hydrogen or C1-C4 alkyl; 

R 9 is Ci-C 10 alkyl optionally substituted with 1-6 fluorine atoms; C1-C4 alkyl 
substituted with tetrahydrofuryl, tetrahydropyranyl, or C3-C8 cycloalkyl optionally 
substituted with up to 4 fluoro atoms; or a pharmaceutically acceptable salt thereof. 
Especially preferred compounds of Formula 1(a) are those where R 1 is Ci-Cs alkyl 
10 optionally substituted with Ci-Ce alkoxy; R 2 ' is 3,5-difluorobenzyl or benzyl substituted 
in the 3-position of the phenyl ring with Ci-Ce alkyl optionally substituted in the alkyl 
chain up to three times with fluoro, C1-C6 alkoxy optionally substituted in the alkyl chain 
up to three times with fluoro, C1-Q5 alkylthio optionally substituted in the alkyl chain up 
to three times with fluoro, or C3-C8 cycloalkoxy, and optionally further substituted in the 
1 5 5-position with fluoro; and R 3 * is methyl or ethyL 

Another embodiment of the present invention is compounds of Formula I where: 
R 1 is Ci-C 6 alkyl; , 

R 2 is C1-C3 alkyl; benzyl optionally monosubstitiited in the phenyl ring with a 
substituent selected from the group consisting of halo, C1-C6 alkoxy optionally substituted 
20 in the alkyl chain with C3-C7 cycloalkyl, and Ci-Ce alkylthio optionally substituted in the 
alkyl chain with C3-C7 cycloalkyl, or benzyl optionally disubstituted in the phenyl ring 
with a first substituent independently selected from halo and a second substituent 
independently selected from halo, Ci-Ce alkoxy optionally substituted in the alkyl chain 
with C3-C7 cycloalkyl, and Q-C6 alkylthio optionally substituted in the alkyl chain with 
25 C3-C7 cycloalkyl; 

R 3 is hydrogen or C1-C6 alkyl; 

R 4 is hydrogen or Ci-Ce alkyl; 

R 3 and R 4 taken together with the carbon atom to which they are attached form a 
C3-C6 cycloalkyl ring; 
30 R 5 is hydrogen, R 9 , or -(CH 2 )o-2-OR 9 ; 

R 6 is hydrogen or phenyl; 
G is O or S(0)o-2; 
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R 9 is C1-C10 alkyl optionally substituted with 1-6 fluorine atoms, Ci-Cio i, C 2 -C6 
alkenyl, or -(CH 2 )o-3-R 10 ; 

R 10 is C3-C8 cycloalkyl, telxahydrofuryl, or phenyl each optionally substituted with 
one or two substitutents independently selected from the group consisting of halo, Ci-Ce 
5 alkyl, Ci-C 6 alkoxy, hydroxy, trifluoromethyl, and trifluoromethoxy, or R 10 is adamantyl; 
or a pharmaceutical^ acceptable salt thereof. 

Although all of the compounds of Formula II are useful intermediates for the 
preparation of B ACE inhibitors, certain of the compounds are preferred: 

bi) R 1 is C1-C10 alkyl optionally substituted with Ci-Ce alkoxy, oxo, or up to 
1 0 three times with fluoro; 

bj) R 1 is C1-C6 alkyl optionally substituted with Ci-C 6 alkoxy; 

bk) R 1 is methyl optionally substituted with methoxy; 

bl) R 1 is methyl; 

bin) R 2 is benzyl optionally mono- or difluorinated in the phenyl ring; 
15 bn) R 2 ' is benzyl; 

bo) R 2 is 3-fluorobenzyl; 
bp) R 2 ' is 3,5-difluorobenzyl; 

bq) R 2 is benzyl substituted in the phenyl ring with -OR 12 , halo, Ci-Ce alkyl 
optionally substituted in the alkyl chain up to three times with fluoro, Ci- 
20 Cs alkoxy optionally substituted in the alkyl chain up to three times with 

fluoro, and Ci-C 6 alkylthio optionally substituted in the alkyl chain up to 
three times with fluoro, C3-C8 cycloalkoxy, and optionally further 
substituted with fluoro; 
br) R 2 ' is 3-propoxybenzyl; 
25 bs) R 2 is 3-(2-fluoroethoxy)benzyl; 

bt) R 2 is 5-fluoro-3-propoxybenzyl; 
bu) R 2 is 3-hydroxybenzyl; 
bv) R 2 is 5-fiuoro-3-hydroxybenzyl; 
bw) R 3 is hydrogen; 
30 bx) R 3 is methyl or ethyl; 

by) R 4 is hydrogen; 

bz) R 3 is methyl or ethyl, and R 4 is hydrogen; 
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ca) R 5 is R 9 or -(CH 2 ) 0 -2-OR 9 ; 

cb) R 5 is-CCH 2 )o-2-OR 9 ; 

cc) R 5 is OR 9 ; 

cd) R 6 is hydrogen; 

5 ce) R 5 is OR 9 and R 6 is hydrogen; 

cf) R 9 is Ci-Cio alkyl optionally substituted with 1-6 fluorine atoms or Ci-C 6 

alkoxy; 
eg) R 9 is neopentyl; 

ch) R 9 is neopentyl substituted with 1-6 fluorine atoms; 
10 ci) R 9 is-(eH 2 )(M-R 10 ; 

cj) R 9 is-CH 2 -R 10 ; 

ck) R 10 is cyclohexyl; 

cl) R 10 is adamantyl;; 

cm) R 11 is a carbamate protecting group; 
15 cn) R 11 is tert-butoxvcarbonvl: 

co) R 12 is hydrogen; 

cp) R 12 is benzyl. 

Preferred compounds of Formula II include all combinations of paragraphs bi) - cp). 
Especially preferred compounds of Formula II are those where R 1 is Ci-Q alkyl 

20 optionally substituted with Q-C6 alkoxy, R 2 is benzyl, 3-fluorobenzyl, 3,5- 

difluorobenzyl, or benzyl substituted in the 3 -position of the phenyl ring with —OR 12 , Ci- 
C$ alkoxy optionally substituted up to three times with fluoro, C1-C6 alkyl optionally 
substituted up to three times with fluoro, C3-C8 cycloalkoxy, C1-C6 alkylthio optionally 
substituted up to three times with fluoro and optionally further substituted in the 5- 

25 position with fluoro, R 3 is hydrogen, methyl, or ethyl, R 4 and R 6 are both hydrogen, and 
R 5 is OR 9 . 

Although all of the compounds of Formula IH are useful intermediates for the 
preparation of B ACE inhibitors., certain of the compounds are preferred: 

cq) R 2 ' is benzyl optionally mono- or difluorinated in the phenyl ring; 
30 cr) R T is benzyl; 

cs) R 2 is 3-fluorobenzyl; 
ct) R 2 ' is 3,5-difluorobenzyl; 
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cu) R 2 is benzyl substituted in the phenyl ring with -OR 12 5 halo, Ci -Cs alkoxy 
optionally substituted up to three times with fluoro, Ci-Cg alkyl optionally 
substituted up to three times with fluoro, C r C 6 alkylthio optionally 
substituted up to three times with fluoro, or C3-C8 cycloalkoxy, and 

5 optionally further substituted with fluoro.; 

cv) R 2 is 3-propoxybenzyl; 

cw) R 2 * is 3-(2-fluoroethoxy)benzyl; 

cx) R 2 is 5-fluoro-3-propoxybenzyl; 

cy) R 2> is 3-hydroxybenzyl; 

10 cz) R 2 ' is 5-fluoro-3-hydroxybenzyl; 

da) R 3 is hydrogen; 

db) R 3 is methyl or ethyl; 

dc) R 4 is hydrogen; 

dd) R 3 is methyl or ethyl, and R 4 is hydrogen; 
15 de) R 5 isR 9 orH;CH2)o-2"OR 9 ; 

df) R 5 isH;CH2)o-2-OR 9 ; 

dg) R 5 is OR 9 ; 

dh) R 6 is hydrogen; 

di) R 5 is OR 9 and R 6 is hydrogen; 

20 dj) R 9 is C1-C10 alkyl optionally substituted with 1-6 fluorine atoms; 

dk) R 9 is neopentyl; 

dl) R 9 is neopentyl substituted up to six times with fluoro; 

dm) R 9 is-CH 2 ~R 10 ; 

dn) R 10 is cyclohexyl; 

25 do) R 10 is adamantyl; 

dp) R 1 v is hydrogen; 

dq) R 11 is a carbamate protecting group; 

dr) R ir is tert-butoxvcarbonyl: 

ds) R 12 is hydrogen; 

30 dt) R 12 is a silyl group; 

du) R 12 is tet-butyldimethylsilyl; 

dv) R 12 is benzyl. 
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Preferred compounds of Formula III include all combinations of paragraphs cq) — dv). 
Especially preferred compounds of Formula in are those where R 2 is benzyl, 3- 
fluorobenzyl, 3,5-difluorobenzyl, or benzyl substituted in the 3-position of the phenyl ring 
with -OR 12 , halo, Ci-Ce alkyl optionally substituted in the alkyl chain up to three times 
5 with fluoro, C r C 6 alkoxy optionally substituted in the alkyl chain up to three times with 
fluoro, C1-C6 alkylthio optionally substituted in the alkyl chain up to three times with 
fluoro, or C3-Cg cycloalkoxy, and optionally further substituted in the 5-position with 
fluoro, R 3 is hydrogen, methyl, or ethyl, R 4 and R 6 are both hydrogen, R 5 is OR 9 , and R ir 
and R 12 are both hydrogen, 
10 Although all of the compounds of Formula IV are useful intermediates for the 

preparation of B ACE inhibitors, certain of the compounds are preferred: 

dw) R 3 is hydrogen; 

dx) R 3 is methyl or ethyl; 

dy) R 4 is hydrogen; 
1 5 dz) R 3 is methyl or ethyl, and R 4 is hydrogen; 



20 



ed) 
ee) 
ef) 
eg) 
eh) 
ei) 



ea) 
eb) 
ec) 



R 5 is-OR 9 ; 
R 6 is hydrogen; 

R 9 is Ci-Cio alkyl optionally substituted with 1-6 fluorine atoms or d-Ce 
alkoxy; 

R 9 is neopentyl optionally substituted up to six times with fluoro; 



R 9 is -(CH 2 )(m-R 10 ; 
R 9 is-CH 2 -R 10 ; 



25 



R is cyclohexyl; 
R 10 is adamantyl; 

R 11 is a carbamate protecting group; 



ej) R 11 is tert-butoxycarbonyl. 

A preferred subgenus of intermediates of Formula IV are compounds of Formula 



IV(a): 



O 



R 



,11 
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IV(a) 

where R 3 , R 9 9 and R 11 are as previously defined. Preferred compounds of Formula IV(a) 
are those where R 3 is hydrogen, methyl, or ethyl. 

Although all of the compounds of Formula V are useful intermediates for the 
5 preparation of B ACE inhibitors, certain of the compounds are preferred: 

ek) R 2 is benzyl optionally mono- or difluorinated in the phenyl ring; 
el) R 2 ' is benzyl; 
em) R 2 is 3-fluorobenzyl; 
en) R 2 is 3,5-difluorobenzyl; 
10 eo) R 2 ' is benzyl substituted in the phenyl ring with -OR 12 , halo, Q-C 6 alkyl 

optionally substituted in the alkyl chain up to three times with fluoro, C\~ 
Ce alkoxy optionally substituted in the alkyl chain up to three times with 
fluoro, Ci-C 6 alkylthio optionally substituted in the alkyl chain up to three 
times with fluoro, or C 3 -C 8 cycloalkoxy, and optionally further substituted 
15 with fluoro; 

ep) R 2 is 3-propoxybenzyl; 
eq) R 2 is 3-(2-fluoroethoxy)benzyl; 
er) . R 2 is 5-fluoro-3-propoxybenzyl; 
es) R ir is hydrogen or a carbamate protecting group; 
20 et) R ir is hydrogen; 

eu) R ir is a carbamate protecting group; 
ev) R ir is tert-butoxycarbonyl; 
ew) R u is benzyl; 
ex) R 12 ' is benzyl; 
25 ey) R 11 and R u> are all benzyl; 

Although all of the compounds of Formula VI are useful intermediates for the 
preparation of BACE inhibitors, certain of the compounds are preferred: 

ez) R 1 is Ci-Cio alkyl optionally substituted with Ci-C 6 alkoxy, oxo, or up to 
three times with fluoro; 
30 fa) R 1 is Ci-C 6 alkyl optionally substituted with Ci-Ce alkoxy; 

fb) R 1 is methyl optionally substituted with methoxy; 

fc) R 1 is methyl - 
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fd) R r is benzyl optionally mono- or difluorinated in the phenyl ring; 

fe) R r is benzyl; 

ff) R 2 is 3-fluorobenzyl; 

fg) R 2 ' is 3,5-cftfluorobenzyl; 

fh) R r is benzyl substituted in the phenyl ring with -OR 12 , halo, Ci-C 6 alkyl 
optionally substituted in the alkyl chain up to three times with fiuoro, Ci- 
C6 alkoxy optionally substituted in the alkyl chain up to three times with 
fiuoro, C1-C6 alkylthio optionally substituted in the alkyl chain up to three 
times with fiuoro, or C3-C 8 cycloalkoxy, and optionally further substituted 
with fiuoro; 

fi) R r is 3-propoxybenzyl; 

fj) R r is 3-(2-fluoroethoxy)benzyl; 

fk) R 2 ' is 5-fluoro-3-propoxybenzyl; 

fl) R 2 ' is 3-hydroxybenzyl; 

fin) R 2 ' is 5-fluoro-3-hydroxybenzyl; 

fe) R ir is hydrogen or a carbamate protecting group; 

fo) R ir is hydrogen; 

fp) R ir is a carbamate protecting group; 

fq) R ir is tert-butoxycarbonyl; 

fr) R 12 is benzyl. 

Although all of the compounds of Formula VII are useful intermediates for the 
preparation of BACE inhibitors, certain of the compounds are preferred: 

fs) R 2 * is benzyl optionally mono- or difluorinated in the phenyl ring; 

ft) R r is benzyl; 

fii) R 2 is 3-fluorobenzyl; 

fv) R 2 ' is 3,5-difluorobenzyl; 

fw) R r is benzyl substituted in the phenyl ring with -OR 12 , halo, C1-C6 alkyl 
optionally substituted in the alkyl chain up to three times with fiuoro, Ci- 
Ce alkoxy optionally substituted in the alkyl chain up to three times with 
fiuoro, C1-C6 alkylthio optionally substituted in the alkyl chain up to three 
times with fiuoro, or C3-C8 cycloalkoxy, and optionally further substituted 
with fiuoro; 
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fx) 


R 2 ' is 3-propoxybenzyl; 


fy) 


R 2 is 3-(2-fluoroethoxy)benzyl; 


fe) 


R 2 ' is 5-fluoro-3-propoxybenzyl; 


ga) 


R 2 is 3-hydroxyben2yl; 


gb) 


R 2 is 5-fluoro-3-hydroxybenzyl; 


gc) 


R 3 is hydrogen; 


gd) 


R 3 is methyl or ethyl; 


ge) 


R 4 is hydrogen; 


gf) 


R 3 is methyl or ethyl, and R 4 is hydrogen; where R n ,.R ir , and R u are as 



10 previously defined. . 

The compounds of Formula I are inhibitors of BACE. It is preferred the 
compound of Formula I selectively inhibits BACE1 relative to BACE2. Thus, the present 
invention also provides a method of inhibiting BACE in a mammal that comprises 
administering to a mammal in need of said treatment a BACE-inhibiting amount of a 

1 5 compound of Formula I. It is preferred that the mammal to be treated by the 
administration of the compounds of Formula I is human. 

As inhibitors of BACE, the compounds of the present invention are useful for 
suppressing the production of A-p peptide, and therefore for the treatment of disorders 
resulting from excessive A-p peptide levels due to over-production and/or reduced 

20 clearance of A-p peptide. The compounds of Formula I are therefore believed to be 

useful in treating or preventing Alzheimer's disease, mild cognitive impairment, Down's 
Syndrome, Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-Type, 
cerebral amyloid angiopathy, other degenerative dementias such as: dementias of mixed 
vascular and degenerative origin, dementia associated with Parkinson's disease, dementia 

25 associated with progressive supranuclear palsy, dementia associated cortical basal 
degeneration, and diffuse Lewy body type of Alzheimer's disease. 

The compounds of the present invention may be prepared by a variety of 
procedures, some of which are illustrated in the Schemes below. It will be recognized by 
one of skill in the art that the individual steps in the following schemes may be varied to 

30 provide the compounds of Formula I. The particular order of steps required to produce 
the compounds of Formula I is dependent upon the particular compound being 
synthesized, the starting compound, and the relative lability of the substituted moieties. 
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Some stereochemical centers have been specified and certain substituents have been 
eliminated in the following schemes for the sake of clarity and are not intended to limit 
the teaching of the schemes in any way. Furthermore, individual isomers, enantiomers, or 
diastereomers may be separated at any convenient point in the synthesis of compounds of 
5 Formula I. 



The compounds of Formula I may be prepared as described in.Scheme I where 
variables G, R 1 , R 2 , R 2 , R 3 , R 4 , R 5 , R 6 , R 11 ', and R 12 axe as previously defined: 
Scheme I 




deprotection 

v 



H OH H 




1 0 The amine of Formula HI is reacted under standard amide forming conditions well 

known to the skilled artisan to provide compounds of Formula II (for example, see WO 
03/040096 and WO 047024081). An appropriate carboxylic acid of Formula R^COOH 
or an equivalent thereof, such as the sodium or, preferably, potassium carboxylate salt is 
reacted with a peptide coupling agent such as dicyclohexylcarbodiimide (DCC), l-(3- 

1 5 dimethylaminopropyl)-3-e1hylcarbodiiinide hydrochloride (EDCI), or n-propylphos- 
phonic anhydride, and an appropriate amine such as N-methylmorpholine or triefhyl- 
amine, in a suitable solvent such as dichloromethane, dimethylformamide (DMF) or 
tetrahydrofuran (THF) to provide the compound of Formula II. If necessary or desired, 
an additive such as 4-(dimethylamino)pyridine and/or 1-hydroxybenzotriazole or 

20 equivalents thereof may be added to the reaction mixture to facilitate the reaction. 

Alternatively, other carboxylic acid equivalents, including acylating agents, such as an 
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appropriate acylimidazole, or a mixed anhydride, such as formic acetic anhydride, or an 
appropriate acid halide may be reacted directly with the amine of Formula III to provide 
the desired amide of Formula II. The requisite carboxylic acids, carboxylic acid salts, 
acylating agents, and mixed anhydrides are either commercially available or may be 
5 prepared from commercially available materials by methods well known to the skilled 
artisan. (For example, See: Comprehensive Organic Transformations, Larock, Wiley- 
VCH Publishers, Inc., New York, (1999); Advanced Organic Chemistry. March, Wiley 
Interscience, New York, Third Edition, (1985)). The skilled artisan will appreciate that 
any functional group transformations, for example converting an alcohol to an etlier, may 
10 be performed at any convenient point in the synthesis to provide compounds of Formula 
I. 

The conditions for deprotection of compounds of Formula II to provide 
compounds of Formula I depend on the nature of variables R ir and R 12 . The deprotection 
conditions are those well known to the skilled artisan and are described in the literature. 

15 (For example, see: Greene and Wuts, Protective Groups in Organic Synthesis, Third 

Edition, Chapters 2 and 7, John Wiley and Sons Inc., (1999)). Depending upon the nature 
of variables R 11 and R 12 , they may both be removed in a single reaction, for example by 
treatment with acid or under hydrogenation conditions, or may be removed sequentially 
as necessary or desired. Further, if salts of compounds of the invention are desired, an 

20 appropriate free base of Formula I is simply reacted with an appropriate pharmaceutically 
acceptable acid in a suitable solvent under standard conditions to provide a 
pharmaceutically acceptable salt of a compound of Formula I. The skilled artisan will 
appreciate that, depending on the nature of variables R 11 and R 12 , the deprotection and 
salt forming steps may occur simultaneously to provide a pharmaceutically acceptable 

25 salt of a compound of Formula I in a single step. The skilled artisan will appreciate that 
in instances where both R ir and R 12 are hydrogen, no deprotection step is required to 
provide compounds of Formula I. The process of Scheme I is a further embodiment of 
the present invention, and the process where R 11 and R 12 are both hydrogen is a preferred 
embodiment. 

30 Intermediates of Formula III may be prepared as described in the following 

scheme where G, R 1 , R r , R 3 , R 4 , R 5 , R 6 , R 11 , and R 12 are as previously defined. 
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Scheme II v ) 




Aldehyde (iii) is reacted with the anion of an appropriately substituted nitroalkane to 
provide the corresponding nitroethane (iv). The nitroethane is reduced under standard 
5 chemical or hydrogenation reducing conditions to provide compounds of Formula IDL 
(See : Comprehensive Organic Transformations. Larock, Wiley- VCH Publishers, Inc., 
New York, (1999); Advanced Organic Chemistry, March, Wiley Interscience, New York, 
Third Edition, (1985)) The skilled artisan will appreciate that the hydroxy moiety 
generated by the anion addition in the first step of Scheme II may be protected under 

1 0 standard conditions either before or after Hie reduction step as necessary or desired (For 
example, see: Greene and Wuts, Protective Groups in Organic Synthesis. Third Edition, 
Chapter 2, John Wiley and Sons Inc., (1999)). The requisite anions are prepared by 
treating the appropriately substituted nitroaUcane with a suitable base at low temperature. 
The requisite appropriately substituted nitroalkanes are either commercially available or 

15 may be prepared from commercially available starting materials. (For example, see : 
Comprehensive Organic Transformations. Larock, Wiley-VCH Publishers, Inc., New 
York, (1999); Advanced Organic Chemistry. March, Wiley Interscience, New York, 
Third Edition, (1985)) The aldehydes of Formula (iii) represent a further embodiment of 
the present invention. 

20 Where R 2 is an appropriately substituted benzyl group, the requisite nitroalkanes 

may be prepared essentially as described in the following scheme where X 5 , X", and X'" 
are optional substituents for the phenyl group of the benzyl moiety as defined for 
variables R 2 and R r . 
Scheme III 



25 
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10 



An appropriately substituted benzaldehyde is reacted with mtromethane in the presence of 
a suitable base to provide the corresponding l-nitro-2-hydroxy-2-phenylethane. The 
molecule is dehydrated and the corresponding double bond reduced under standard 
conditions to provide 1he desired l-mtro-2-phenylethane. The skilled artisan will 
appreciate that the nitromethane addition and dehydration may occur spontaneously in a 
single step depending upon the reaction conditions employed. 

The requisite aldehydes (iii) may be prepared by standard synthetic methodology 
well known to the skilled artisan. (For example, see: Comprehensive Organic 
Transformations, Larock, Wiley-VCH Publishers, Inc., New York, (1999); Advanced 
Organic Chemistry, March, Wiley Interscience, New York, Third Edition, (1985)) 
Certain aldehydes may be prepared as described in the following scheme where R 9 and 
R 11 are as previously defined and R 12 is an oxygen protecting group. 
Scheme IV 



X 



(vi> 



H 

I 



N-iodosuccinimide 



"OH 



R 9 (CHA 



(Vii) 



base 



"I 



deprotection 



(ix) 0 0 



oxidation 




<v,ii) :o- > >-r, (CH *y\ 



XX 



(iiia) 



X 



U K 



-(CHJ-.R 3 



(iiib) 
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An appropriately protected serinol .^oron Letters, 37, 

1743-1746 (1996)) is reacted with a vinyl ether (vij in the presence of a suitable 
halogenating agent, such as N-iodosuccinirnide, to provide the iodo derivative (vii). This 
iodo derivative is treated with a suitable base, such as sodium hydride, to provide the 
5 cyclic compound (viii). The protected alcohol is deprotected to provide alcohol (ix), 
which is then oxidized under standard conditions to provide the corresponding aldehyde 
(iiia). Compounds of formula (iiib) may be prepared by substituting 1 ,1 -diphenylethylene 
for the vinyl ether (v). 

Additional aldehydes of formula (iii) may be prepared as described in the 
10 following scheme where R 9 and R 11 are as previously defined, R 4 * is Ci-C$ alkyl, and R 12 ' 
is an oxygen protecting group. 
Scheme V 
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A protected serinol (x) is condensed with an appropriate a,a-disubstituted ketone (xi) in 
the presence of acid. The resulting imine or enamine is reduced with an appropriate 
hydride reducing agent, such as sodium cyanoborohydride, to provide the corresponding 
amine (xii). This amine is then cyclized in the presence of a suitable acid, such as 
5 camphorsulfonic acid, to provide the moipholine (xiii). The morpholine nitrogen is 
protected under standard conditions to provide intermediate (xiv) which is then O- 
deprotected to provide alcohol (xv), and then oxidized as described in the previous 
scheme to provide the desired aldehyde (iiic). 

Further aldehydes of formula (iii) may be prepared as described in the following 
10 scheme where R 9 and R 11 are as previously defined and R 12 ' is an oxygen protecting 
group. 
Scheme VI 




(»' d > (xix) 

A protected serinol (x) is reacted with an appropriate epoxide or p-toluenesulfonate ester 



15 to provide the diol (xvi). The- amine moiety is protected under standard conditions and the 
resulting intermediate (xvii) is reacted with a dehydrating agent, such as 1,1 5 -azobis(N,N- 
dimethylformamide) or N JST-tetramethylazodicarboxamide in the presence of tri-n- 
butylphosphine, to provide the protected morpholine (xviii). This intermediate is then O- 
deprotected to provide alcohol (xix), which is then oxidized as described in the previous 

20 schemes to provide the desired aldehyde (iiid). 

Alternatively, the skilled artisan will appreciate that the compounds of Formula I 
may also be prepared such that the morpholine ring is assembled by applying the 
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synthetic methodology described in Schemes IV 3 V, and VI to aminoalcohols of Formula 
V where R 1 , R 2 \ R 11 * and R 12 ' are as previously defined and R 11 is independently at each 
occurrence a nitrogen protecting group, and of Formula VI where R 1 , R 2 ', and R 12 ' are as 
previously defined and R 11 is either hydrogen or a nitrogen protecting group: 



11 



OR 



12* 



R 2 
V 



R 11 ' 
I 




The requisite aminoalcohols V and VI may be prepared as described in the following 
scheme where variables R 1 , R r ? R 11 , R 11 ', and R 12 ' are as previously defined. 
Scheme VII 



rx 

(xx) 



base 



OH 

reduction H 2 N 




amide 
formation 




(xxii) 



(xxiii) 



O-protection 



(xxiv) 



10 An appropriately substituted nitromethane is reacted with an N-protected 4-formyl-2,2- 
dimethyloxazolidine (xx) in the presence of a suitable base, preferably tetrabutyl- 
ammonium fluoride, in a suitable solvent, preferably tetrahydrofuran, to provide the nitro 
derivative (xxi). The amount of base employed is not critical and may be in excess or 
catalytic amounts depending upon the specific circumstances. Preferably 50 mol % is 



t 
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employed. The nitro group is reduced under standard reducing conditions, such as with 
sodium borohydride in the presence of nickel(II) chloride, to provide the corresponding 
amine (xxii). The amine-(xxii) is reacted with an appropriate carboxylic acid or 
carboxylic acid equivalent as previously discussed to provide the desired amide (xxiii). 
5 The hydroxy group is protected with an oxygen protecting group under standard 
conditions to provide the protected alcohol (xxiv). The oxazolidine ring is then 
hydrolyzed under standard conditions to provide the aminoalcohol VI. Alternatively, the 
amine intermediate (xxii) may be fully protected sequentially, or conveniently the 
hydroxyl and amino groups may be fully protected with, for example, an appropriate 

10 benzyl protecting group to provide intermediate (xxv). The-oxazolidine ling is then 
hydrolyzed as previously described to provide the aminoalcohol V. The skilled artisan 
will appreciate that the protecting group on the oxazolidine nitrogen may be removed if 
necessary or desired in the same step as the ring-opening step or in a separate step to 
provide aminoalcohols of formula V and VI where R ir is hydrogen. The requisite 

15 foimyloxazolidines (xx) are either commercially available or may be prepared by 
standard synthetic techniques. 

The requisite vinyl ethers (vi) may be prepared from the appropriate alcohols 
essentially, as described by Okimoto, et aL, Journal of the American Chemical Society. 
124, 1590-1591 (2002), as illustrated in the following scheme where R 9 is as previously 

20 defined: 

Scheme Vm 

9 Na 2 C0 3 , [lr(COD)Cl] 2 _ /rH , R s 

R (CH 2 ) 0- 3 — OH 1 — ^ 0 -( CH 2 )o^ R 

Toluene, 95 °C 

(vi) 

An appropriate alcohol is reacted with vinyl acetate and sodium carbonate in the presence 
of chloro(l,5-cyclooctadiene)iridium (I) dimer in a suitable solvent, typically toluene at 
25 elevated temperature to provide the vinyl ethers (vi). The requisite alcohols are either 
commercially available or may be prepared by standard synthetic techniques. 

The aminoalcohol intermediate V(a) may be converted into additional 
intermediates useful for preparing certain compounds of Formula I as illustrated in the 
following scheme where R r , R 9 5 R 11 , and R 12 ' are as previously defined. Where variable 
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R n , a nitrogen protecting group, is present in more than one case in a structure in the 
following scheme, it is understood to be independently selected in each instance. 
Scheme IX 



R 11 OR 12 



o* I *~ 

OH 2- protection 

V(a) 



R 11 OR 12 R 11 

HOMO'S 
(xxvi) OR 8 



R 11 OR 12 R 11 



cyclization 



R : 



deprotection 



(xxvii) OR e 
deprotection 



OR l2 'R 11 



X 



R 2 A. 

o *| 

Hl(a) OR 9 



R* 

w 

IH(b) OR' 

5 The aminoalcohol V(a) is reacted with an appropriately substituted epoxide and the 
addition product is then protected with an appropriate nitrogen protecting group, 
preferably tert-butoxycarbonyl, under standard conditions to provide intermediate (xxvi). 
This diol intermediate is treated with a dehydrating agent as previously described to 
provide the protected morphoiine (xxvii). This intermediate may be selectively or 

1 0 completely deprotected to provide intermediates 111(a) or IQ(b). These intermediates may 
then be used to prepare additional compounds of Formula I employing deprotection and 
amide forming synthetic techniques described in the previous schemes. A useful 
variation of this scheme is to begin with an appropriately substituted epoxide bearing an 
oxygen protecting group (R 12 ) instead of the moiety (R 9 ). This protecting group may 

15 then be removed at any convenient point in the synthesis of compounds of Formula I to 
provide a hydroxy moiety that may then be substituted under standard conditions to 
provide additional compounds of Formula L 

Additional aldehydes of formula (hi) useftil for the preparation of compounds of 
the present invention may be prepared as illustrated in the following scheme where R n 

20 and R 12 are as previously defined and R 3 " and R 4 ' are independently Ci-C 6 alkyl. 
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Scheme X 




2. N-protection 



(xxxi) 




1. reduction 

2. ether formation 



R'O 



(xxix) 



(CH 2 )^R 9 



1. O-deprotection 

2. oxidation 




[CH 2 ) 0 . 2 R D 



1. O-deprotection 

2. oxidation 



(xxxii) 



(iiie) (CH 2 ) M R 9 



o o 

(iiif) (CH^R 9 



An appropriately substituted serinol (x) (Novachek, et aL, Tetrahedron Letters. 37, 1743- 
5 1746 (1996)) is reacted with an appropriate ketone and chloroform in the presence of 
sodium hydroxide essentially as described by Lai (Synthesis. 122-123 (1984)) to provide 
the hydxoxycarboxylate (xxviii). The hydroxycarboxylate is then treated under standard 
ester forrning conditions, for example by reaction with dicyclohexylc^bodiimide (DCC), 
and then the nitrogen protected under standard conditions to prepare lactone (xxix). The 

10 carbonyl is reduced by reaction with a hydride reducing agent, such as diisobutylalumi- 
num hydride (DIB AH) and the corresponding alkoxide alkylated with an appropriate 
reagent to provide ether (xxx). The primary alcohol is then deprotected, if necessary, and 
oxidized as previously described to provide aldehyde (iiif). In an analogous manner, the 
appropriately protected serinol (x) is reacted with an appropriate triflate followed by 

15 arnine protection to provide the hydroxyester (xxxi). The hydroxy group is deprotonated 
by reaction with a suitable base, for example sodium hydride, to form the lactone (xxxii). 
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The carbonyl is reduced and alkylated to provide ether (xxxiii) as previously described, 
and then the protected alcohol is deprotected, if necessary, and oxidized to provide 
aldehyde (iiie). The skilled artisan will appreciate that the order of these steps may be 
varied as necessary or desired The skilled artisan will also appreciate that the synthetic 
5 methodology described in the previous scheme may be applied to intermediates V or VI 
to provide compounds of Formula I. 

Additional intermediates useful for the preparation of compounds of Formula I 
may be prepared as illustrated in the following scheme where R r , R 5 , R 3 ", R 11 and R 12 
are as previously defined. Where variable R 11 , a nitrogen protecting group, is present 
1 0 more than once in a structure in the following scheme, it is understood to be 
independently selected in each instance. 
Scheme XI 



OTf 

R^-^^cOjiWe 
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The intermediate aminoalcohol V(a) may be reacted in a number of synthetic 
pathways to provide more advanced intermediates useful for the preparation of 
compounds of Formula I. For example, the aminoalcohol V(a) may be treated with an 
appropriately substituted haloacetate ester, for example methyl or ethyl bromoacetate, to 
5 provide the substituted morpholinone (xxxiv). Ibis intermediate may be alkylated under 
standard conditions to provide the corresponding a-substituted intermediate (xxxv). 
Alternatively, V(a) may be reacted with an appropriately substituted triftate to provide 
intermediates of formula (xxxv) directly. Aminoalcohol V(a) may also be treated with an 
appropriately substituted acetyl compound to provide ketoalcohol (xxxvi). Treatment of 

10 this ketoalcohol under standard conditions provides the hemiketal (xxxvii). The 

aminoalcohol V(a) may also be coupled with oxirane-2-carboxyIic acid potassium salt 
(Organic Synthesis . 75, 37-43) to provide the corresponding amidoalcohol (xxxviii). 
Treatment of this intermediate with an appropriate base, for example, potassium 
hexamethyldisilazane or potassium hydride, provides the substituted morpholine 

1 5 (xxxix), which may be subsequently functionalized under standard conditions or the 
amide carbonyl reduced under standard conditions to provide intermediate (xl). 
Intermediates (xxxiv), (xxxv), (xxxvii) and (xl), which are further embodiments of the 
present invention, may be subjected to standard functional group transformation 
conditions well known to one of ordinary skill in the art, followed by deprotection and 

20 coupling reactions described above to provide additional compounds of Formula I. (For 
example, see: Comprehensive Organic Transformation s, Larock, Wiley- VCH Publishers, 
Inc., New York, (1999); Advanced Organic Chemistry, March, Wiley Interscience, New 
York, Third Edition, (1985)). 

Compounds of Formula I where R 2 is benzyl substituted with a C1-C6 alkoxy 

25 moiety optionally further substituted in the alkyl chain with C3-C8 cycloalkyl or up to 
three times with fluoro may be prepared as described in the following scheme where G, 
R 1 , R 3 , R 4 , R 5 , R 6 , R u , and R 12 are as previously defined, R 13 is C r C6 alkyl optionally 
substituted with C3-C8 cycloalkyl or up to three times with fluoro, and R 14 is hydrogen or 
fluoro. 
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Scheme XII 




The phenol 11(b) is reacted with a suitable alkylating reagent, such as an alkyl 
halide, in the presence of a suitable base, such as cesium carbonate, to provide 
5 intermediate 11(c). This intermediate is then deprotected under standard conditions as 
previously described to provide a compound of Formula 1(b). If necessary or desired, the 
deprotected compound may be converted to a pharmaceutically acceptable salt under 
standard conditions. Compounds of Formula 11(b), 11(c), and 1(b) represent preferred 
embodiments of the present invention. 

10 

Preparation 1 
3,5-Difluorophenyl nitroethane 
1 -G.5-DifluorophenylV2-ni1xoethanol 

Add nitromethane (200 mL) to a suspension of potassium carbonate (30 g) and 
15 3,5-difluorobenzaldehyde (200 g) in tetrahydrofuran (600 mL) at room temperature. Stir 
at room temperature overnight, filter, wash with ethyl acetate and concentrate to give the 
desired compound as a crude oil (330 g) which is used in the next step without further 
purification. 
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1 J-Difluoro-5-(2-nitrovinvlVbenzene 

Add acetic anhydride (160 mL) to a solution of l-(3,5-difluorophenyl)-2- 
nitroethanol (330 g) and 4-dimethylaminopyridine (18 g) in dichloromethane (1000 mL) 5 
over 30 minutes and stir the reaction mixture overnight. Dilute with dichloromethane 
5 (600 mL) and wash with 2% aqueous hydrochloric acid, saturated aqueous sodium 

chloride, saturated aqueous sodium bicarbonate, dry (magnesium sulfate) and concentrate. 
Wash the crude with hexanes to give the desired compound (220 g). 

3,5-Difluorophenvl nitroethane 

10 Add portionwise sodium borohydride (12 g) over 1 .5 hours to a solution of 1,3- 

difluoro-5-(2-nitrovinyl)-benzene (100 g) in a mixture of dimethylsulfoxide (400 mL) and 
acetic acid (80 mL) at room temperature using a water bath to keep the temperature below 
30 °C. Dilute with ethyl acetate (1000 mL) and wash with water (600 mL), saturated 
aqueous sodium bicarbonate (2 x 600 mL), saturated aqueous sodium chloride (600 mL), 

15 dry (magnesium sulfate) concentrate and purify (silica gel chromatography, eluting with 
3:97 ethyl acetate :hexanes) to give the title compound as a pale yellow liquid (63 g, 
62%). 

Preparation 2 

20 l-Fluoro-2«(2-vinyloxyethyl)-benzene 

Combine 2-(2-fluorophenyl)-ethanoI (3.08 g, 22.0 mmol), vinyl acetate (4 mL, 
43.3 mmol), anhydrous toluene (22 mL), chloro(l,5-cyclooctadiene)iridium(I) dimer (155 
mg, 0.231 mmol), and anhydrous sodium carbonate (1.5 g 5 14.2 mmol) in a dry round- 
bottom flask fitted with a reflux condensor under a nitrogen atmosphere. Heat the 

25 resulting mixture to 95 °C for 5 hours. Cool the reaction mixture to room temperature. 
Vacuum filter the resultant slurry to remove inorganic precipitates, washing the collected 
solid with hexanes. Concentrate and purify (silica gel chromatography, eluting with 
hexanes) to give the title compound as a yellow oil (2.64 g, 72%). 
1 H-NMR(400 MHz, CDCI3) S 7.27-7.18 (m, 2H), 7.10-7.00 (m, 2H), 6.46 (dd, J = 6.8, 

30 14.0 Hz, 1H), 4.20 (dd, J = 1.6, 14.0 Hz, 1H), 4.01 (dd, J = 1.6, 6.4 Hz, 1H), 3.91 (at, J = 
7.2 Hz, 2H), 3.02 (at, J = 7.2 Hz, 2H). 
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The vinyl ethers of Preparations 3-20 may be prepared essentially as described in 
Preparation 2. 



Prep 


Name 


3 . 


(3 - Vinyloxypropyl)cy clopentane 


4 


Vinyloxymethylcycloheptane 


5 


1 -Vinyloxymethyladamantane 


6 


Vinyloxymethylcyclohexane 


7 


l-Trifluoromethyl-2-(2-vinyloxyethyl)-benzene 


8 


1 -Methvl -3 - ( 2,-vin vl oxveth vl ^ -b enzenc 


9 


Vinvloxvethvlcvclohexane 


10 


Vinvloxvniethvlcvclorieritaiie 


11 


Vinyloxymethylcyclooctane 


12 


4-Vinyloxymethyltetrahydropyran 


13 


Trans-1 -MethyM-vinyloxymetbylcyclohexane 


14 


1 -Methylvinyloxymethylcyclohexane 


15 


1 -Fluoro vinyloxymethylcyclohexane 


16 


4-Fluoro-4-vinyloxymefhyltetrahydropyran 


17 


Cis- 1 -tert-butyl-3 -vinyloxy cy clobutane 


18 


(1R 9 2S 9 4S>- 1 -Isopropyl-4-metbyl-2-vinyloxycyclohexane 


19 


(IS ? 2R,4R)- 1 -Isopropyl-4-methyl-2-vinyloxycyclohexane 


20 


(1 S,2R ? 5S)-6 5 6-Dimethyl-2-vinyloxymethylbicyclo[3. 1 . l]-heptane 



Preparation 21 

5 3,3 -Dimethyl- 1 -vinyloxybutane 

Add chloro(l 5 5-cyclooctadiene)iridiinn(I) dimer (0.39 g, 0.59 mmol) to 3,3- 
dimethylbutan-l-ol (3.00 g, 29.35 mmol), vinyl acetate (10.11 g, 117.42 mmol) and 
sodium carbonate (1.87 g 9 17.61 mmol) in benzene (10 mL) at room temperature. Boil 
under nitrogen 12 hours. Cool to room temperature and filter. Distill the filtrate and 
10 collect fraction boiling -125 °C-130 °C. Flush through a silica gel pad with hexanes and 
concentrate to provide the title compound. 
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Preparation 22 
3-Methyl-l -vinyloxybutane 
The title compound may be prepared essentially as described in Preparation 21 
and isolated by fractional distillation (collecting the fraction boiling from -110 °C to 115 
5 °C) followed by flushing through a silica gel pad with hexanes. 

Preparation 23 
2 S 2-Dimethyl-1 -vinyloxypropane 
Boil 2,2-dimethylpropan-l-ol (2.41 g, 27.34 mmol) and mercury (II) 
10 trifluoroacetate (1.17 g, 2.73 mmol) in ethyl vinyl ether (19.71 g, 273.40 mmol) under 
nitrogen for 2 hours. Concentrate to -10 mL. Dilute with pentane. Wash with 10% 
aqueous potassium carbonate and saturated aqueous sodium chloride. Dry (magnesium 
sulfate), filter, concentrate and purify (silica gel chromatography, eluting with pentane) to 
give the title compound. 

15 

The vinyl ethers of Preparations 24-44 may be prepared essentially as described in 
Preparation 23 starting with the appropriate alcohols. 



Prep 


Name 


24 


Cis- 1 -Methoxy-4-vinyloxymethylcyclohexane 


25 


Trans- 1 -Methoxy-4-vinyloxymethylcyclohexane 


26 


1 ,1 -Difluoro-4-vinyloxymethylcyclohexane 


27 


4-Methyl-4-viayloxymethyltetrahydropyran 


28 


2,2-Dimethyl- 1 -vinyloxypropane 


29 


(R)-2-Vinyloxymethyltetrahydrofiiran 


30 


1 - Viny loxy-methy lbicy clo [2.2.1 ]heptane 


31 


1 -( 1 -Cyclohexylcyclopropoxy)-ethenol 


32 


( 1 -Vinylox3miethylcyclohexyhnethyl)--benzene 


33 


1 -Methyl- 1 - vinyloxymethylcy clopentane 


34 


((R)- 1 -Vinyloxyethyl)-cyclohexane 


35 


( 1 - Vmyloxymethylcy clopentylmethy l)-benzene 


36 


4-Vinyloxymethylcyclohexanone 
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37 


((1 R^2S)-2-Vinyloxycyclohexyl)-benzene 


38 


2,2-Dimethyl- 1 -vinyloxypentane 


39 


1 , 1 , 1 ,3 ,3 ,3 -Hexafluoro-2-methyl-2-vinyloxymethylpropane 


40 


2,2-Dimethyl- 1 -vinyloxybutane 


41 


2,2-Dimethyl- 1 -vinyloxypentane 


42 


(l-Vinyloxymethylcyclopentyl)-b€n2Bne 


43 


((S)- 1 -Vinyloxyethyl)-cyclohexane 


44 


2,2,4-Trimethyl- 1 -vinyloxypentane 



Preparation 45 

[(1R,2S3 S)-3 -Acetylammo 

carbamic acid tot-butyl ester 




4-lTlR.2SV3H3-5-Difluorophenviyi-hy^ 
carboxvlic acid tert-butvl ester 

Dissolve (R)-tert-butyl 4-fonnyl-2 ) 2-dimetliyloxazolidine-3-carboxylate (1.60 g, 
6.98 mmol) and l,3-difluoro-5-(2-nitroethyl)-benzene (1.40 g, 7.48 mmol) in dry 

10 tetrahydrofuran (14 mL) and add 1 M tetrabutylammonium fluoride (TBAF) in 

tetrahydrofuran (7.0 ml s 7.0 mmol) in one portion. Stir the resulting mixture for 30 
minutes and then dilute with ethyl acetate. Quickly shake the mixture with water and 
then add a small amount of saturated aqueous sodium chloride. Discard the aqueous 
phase and wash the organic phase again with water (twice) followed by saturated aqueous 

15 sodium chloride. Dry the organic solution over magnesium sulfate (magnesium sulfate), 
filter, concentrate and purify (silica gel chromatography, eluting with 0:100 to 20:80 ethyl 
acetate:hexanes) to give the coupling product as an approximately -80:20 mixture of 
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diastereomers (2.45 g, 84%). Isolate the major isomer by recrystallization of the 
diastereomeric mixture from dichloromethane (dichloromethane)/hexanes or diethyl 
ether/hexanes) to give 1.26 g of the desired compound as a white crystalline solid. 
MS (ES): 439.3 m/z - [M+Na] 

5 

00-440 SJ2 SV2-Amin o-3-f3J-difluore^^ 
dimethvlo va7rt1idin e-3-carboxvlic acid tert-butvl ester 

Combine (^)-4-[(lR,2S)-3-(3,5-difluorophenyl)-l-hydroxy-2-nitropropyl]-2,2- 
dimethyloxaz»lidine-3-carboxylic acid tert-butvl ester (1.13 g , 2.71 mmol) and nickel (II) 

10 chloride (0.58 g 5 4.485 mmol) in dry methanol (30 ml) and add sodium borohydride 

(0.454 g, 12 mmol) over 1 minute. Stir the resulting mixture for 20 minutes and then add 
water (3 mL). Concentrate and dissolve the residue in ethyl acetate. Filter the black 
solution through a pad of Celite® and wash the filter cake with ethyl acetate. Wash the 
filtrate with water (twice), saturated aqueus sodium chloride, dry (magnesium sulfate), 

15 filter, and concentrate to give the desired compound as a white solid (920 mg, 95%). 



(TO-4-rqS.2Sy2-Acetvlammo-3^ 
dimethvloxazolidine-3-carboxvlic acid tert-butvl ester 

Dissolve (R)-4-[(l S,2S)-2-amino-3-(3,5-difIuorophenyl)-l-hydroxypropyl]-2^- 

20 dimethyloxazolidine-3-carboxylic acid tert-butyl ester (920 mg, 2.38 mmol) in dry 

tetrahydrofuran (20 ml) under an atmosphere of nitrogen. Add to the resulting solution 
triethylamine (400 jul, 2.87 mmol) and acetic anhydride (235 \xL, 2.49 mmol). After 1 
hour, dilute with ethyl acetate and wash with water (twice), 0.1 N hydrochloric acid, and 
saturated aqueous sodium chloride. Dry (magnesium sulfate), filter, concentrate and 

25 purify (silica gel chromatography 0:100 to 70:30 erthyl acetate:hexanes) to give the 
desired compound as a white solid (738 mg, 72% yield). 
MS (ES): 451.2 m/z = [M+Na] 



fR^-4-raS.2S>2-Acetvlammo-l^ 
30 oxazohdine-3-carboxvlic acid tert-butvl ester 

Suspend (R)-4-[(lS,2S)-2-acetylamino-3-(3,5^ 
2,2-dimethyloxazohdine-3-carboxylic acid tert-butyl ester (4.78 g, 1 1 .2 mmol) in dry 
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tetrahydrofuran (115 ml) under a nitrogen atmosphere and add sodium hydride NaH (60 
% weight dispersion in mineral oil, 1.17 g, 29.3 mmol). Stir the resulting mixture for 30 
minutes and then add sequentially sodium iodide (600 mg, 4.0 mmol) and benzyl bromide 
(2.7 mL, 22.7 mmol). Stir the resulting mixture for 2.5 hours and then quench by the 
5 addition of a 1 :1 mixture of saturated aqueous ammonium chloride and saturated aqueous 
sodium chloride. Dilute the resulting mixture with ethyl acetate and discard the aqueous 
phase. Wash the organic phase with saturated aqueous sodium chloride, dry over 
magnesium sulfate, filter, concentrate and purify (silica gel chromatography, eluting with 
0:100 to 40:60 ethyl acetate :hexanes) to give the desired compound as a white foam (4.96 
10 g,85%). 

MS (ES): 519.2 m/z « [M+ H] 

Hydrolysis 

Dissolve (R)-4-[(l S,2S)-2-acetylamino-l-ben2yloxy-3-(3 > 5-difiuorophenyl)- 
15 propyl]-2,2dimethyloxazolidine-3-carboxylic acid tot-butyl ester (4.96 g, 9:56 mmol) in 
methanol (100 mL). To this solution add ^-toluenesulphonic acid monohydrate (200 mg, 
1.05 mmoL) and water (150 /JL 9 8.33 mmol). Heat the resulting mixture to reflux for 5.5 
hours and then dilute the reaction mixture with ethyl acetate. Wash the resulting solution 
with saturated aqueous sodium bicarbonate followed by saturated aqueous sodium 
20 chloride. Dry (magnesium sulfate), filter, concentrate and purify (silica gel 

chromatography, eluting with 0:100 to 90:10 ethyl acetate:hexanes) to give the title 
compound as a white foam (3.48 g, 76%). 
MS (ES): 479.4 m/z = [M+H] 

25 Preparation 46 

(a) (2R,5R)-5-[(lS,2S)-2-Acetylammo-l-te 

(3,3-dimethylbutoxy)-morpholine-4-carboxylic acid tert-butyl ester 
, (b) (2S,5R)-5- [(1 S ,2S)-2-Acetylamino-l -benzyloxy-3 -(3 ,5-difluorophenyl)-propyl]-2- 
(3,3-dimethylbutoxy)-morpholine-4-carboxyhc acid tert-butyl ester 
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(a) 



(b) 



U 1K2S3 SV 3 -Ace1rlam ino-2- benzyloxv-4-( 3.5-difluorophenvlVl -H -f 3 3 -dimethvlbut- 
oxv>-24odo-e1hoxvmethvl1-biitvl>-carbaiDic acid tert-butvl ester 



Dissolve [(lR,2S3S)-3-acetylamino-2-benzyloxy-4-(3 9 5-difluorophenyl)-l- 
hydroxyme1iiyl-butyl]-carbamic acid tert-butvl ester (0.52 g, 1.09 mmol) and 3,3- 
dimethyl- 1 -vinyloxybutane (0.15 g, 1.20 mmol) in acetonitrile (6 mL) and add N- 
iodosuccinimide (0.27 g, 1.20 mmol) at room temperature. Heat in oil bath at 80°C for 2 
hours 45 minutes. Cool to room temperature, dilute with ethyl acetate, wash with water 
or 10% aqueous sodium thiosulfate, saturated aqueous sodium chloride, concentrate and 
purify (silica gel chromatography, eluting with 10:90 to 30:70 ethyl acetate:hexanes) to 
give the title compound (0.557 g, 70% yield). 
MS (ES): 733.4 m/z = [M+H] 

Cvclization 

Dissolve {(lR,2S,3S)-3-Acetylamino-2-ben2yloxy-4-(3,5-difluorophenyl)-l-[l- 
(3,3-dimethylbutoxy)-2-iodo-ethoxymetiiyl]-bu1yl}^arbamic acid tert-butvl ester (0.53 g. 
0.72 mmol) inN,N~dimethylformamide (6.5 mL) and add sodium hydride (0.06 g, 1.58 
mmol) at room temperature. Heat in an oil bath at 55 °C for 80 minutes. Cool to room 





F 
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temperature and pour into saturated aqueous ammonium chloride. Extract with ethyl 
acetate, wash with either 1 N lithium chloride or water and saturated aqueous sodium 
chloride. Dry (magnesium sulfate), filter, concentrate and purify (silica gel 
chromatography, eluting with 15:85 to 30:70 ethyl acetate-.hexanes) to give: 
5 (a) less polar diastereomer, 0.1 86 g, 43% yield. MS (ES): m/z = 605.5 [M+H]; 

and 

(b) more polar diastereomer, 0.182 g, 42% yielcL MS (ES): m/z = 605.5 [M+H] 



The compounds of Preparations 47- 107 may be prepared essentially as described 
10 in Preparation 46. 



Prep 


Compound 


MS (ES) 


47 


(a) (2R,5R)-5-.[(lS,2S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-isobutoxymorpholine-4-carboxylic 
acid tot-butyl ester 

difluorophenyl)-propyl]-2-isobutoxymorpholine-4-carboxylic 
acid tert-butvl ester 


(a) 577.4 


48 


(a) (2R,5R)-5-[(lS,2S)»2-Ace1ylamino-l-benzyloxy-3-(3 5 5- 
difluorophenyl)-propyl]-2-(3-methylbutoxy)-morpholine-4- 
carboxylic acid tot-butyl ester 

(b) (2S,5R)-5-[(l S,2S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-(3-methylbutoxy)-morpholine-4- 
carboxylic acid tert-butvl ester 


(a) 591.4 

(b) 591.4 


49 


(a) (2R,5R)-5-[(l S,2S)-2-Acetylamino-l -benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2- [2-(2-fluorophenyl)-ethoxy]- 
morpholine-4-carboxylic acid tert-butvl ester. 

(b) (2S,5R)-5-[(lS^S>2-Acetylamino-l-ben2yloxy-3-(3,5- 
difluorophenyl)-propyl]-2-[2-(2-fluorophenyl)-ethoxy]- 
morpholine-4-carboxylic acid tert-butyl ester 


(a) 643.4 

(b) 643.4 


50 


(a) (21^5R>5-[(lS ? 2S)-2-Acetylamino-l-benzyloxy-3-(3 5 5- 
difluorophenyl)-propyl] ~2-(3 -cyclopentylpropoxy)-morpholine- 
4-carboxylic acid tot-butyl ester 

(b) (2S,5R)-5-[(l S,2S>2-Acetylamino-l -benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-(3-cyclopentylpropoxy)-morpholine- 
4-carboxylic acid tert-butvl ester. 


(a) 631.5 

(b) 631.4 


51 


(a) (2R 9 5R)-5-[(lS y 2S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-cycloheptylmethoxymorpholine-4- 
carboxylic acid tert-butvl ester 

(b) (2S,5R)-5-[(l S,2S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-cycloh^ 

carboxylic acid tert-butyl ester 


(a) 631.4 i 

(b) 631.5 
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52 


(a) (2R,5R)-5-[(l S ,2 S)-2- Acetylamino- 1 -benzyloxy-3 -(3,5- 
difluorophenyl)-propyl]-2-(adamantan-l -ylmethoxy)- 
moipholine-4-carboxylic acid tert-butvl ester 

(b) (2S ? 5R)-5-[(lS^S)-2-AcetylaTniTio-l-benzyloxy-3-(3 5 5- 
difluorophenyl)-propyl]-2-(ad^an1an-l-ylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


(a) 667.2 
[M-H] 

(b) 667.2 
[M-H] 


53 


(a) (2RpR)-5 - [( 1 S ,2 S)-2-Acetylamino- 1 -benzyloxy-3 -(3,5- 
difluorophenyl)-propyl]-2-[2-(2-trifluoromethylphenyl)-ethoxy]- 
moipholine-4-carboxylic acid tert-butyl ester 

(b) (2S,5R)-S-[(1 S,2S)-2-Acetylamino- 1 -benzyloxy-3 -(3 ,5- 
difluorophenyl)~propyl] -2- [2-(2-trifluoromethylphenyl)-ethoxy]- 
morpholine-4-carboxylic acid tert-butyl ester 


(a) 691.2 . 
[M-H] 

(b) 691.2 
[M-H] 


54 


(a) (2R,5R)-5-[(l S,2S)-2-Acetylamino-l -benzyloxy-3 -(3 5 5- 
difluorophenyi)-propyl]-2-(2-^^ 

carboxylic acid tert-butvl ester 

(b) (2S ? 5R)-5-[(lS 3 2S)-2-Acety1amino-l-benzyloxy-3-(3 ? 5- 
difluorophenyl)-propyl]-2-(2-m-tolylethoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


(a) 637.3 
[M-H] 

(b) 639.4 
[M+H] 


55 


(a) (2R,5R)-5-[(l S,2S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-(2-cyclohexylethoxy)-moipholine-4- 
carboxylic acid tert-butyl ester 

(>)(2S,5R)-5-[(lS^S)-2-Acetylainino-l-beiizyloxy-3-(3 5 5- 
difluorophenyl)-propyl]-2-(2-cyclohexylethoxy)-mdrpholin 
carboxylic acid tert-butyl ester 


(a) 629.2 
[M-H] 

(b) 629.5 
[M-H] 


56 


(a) (2R,5R)-5-[(l S,2S)-2-Acetylamino- 1 -benzyloxy-3 -(3,5- 
difluorophenyl)-propyl]-2-cyclopentylme1hoxymorpholine-4- 
carboxylic acid tert-butyl ester 

(b) (2S,5R)-5-[(l S^S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
<kfluorophenyl)-propyl]-2-cyclopentylmetioxymorpholiiie-4- 
carboxylic acid tert-butvl ester 


(a) 601.3 
[M-H] 

(b) 601.3 
[M-H] 


57 


(a) (2I^5R)-5-[(lS 5 2S)-2-Acetylainino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-cyclooc^lmetlioxymorpholirie-4- 
carboxylic acid tert-butvl ester 

(b) (2S,5R)-5-[(l S,2S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-cycloocrylmethoxymoipb.oline-4- 
carboxylic acid tert-butvl ester 


(a) 643.2 
[M-H] 

(b) 643.2 
[M-H] 


58 


(a) (2R,5R)-5-[(lS,2S>2-AcetylaEaino-l-ben2yloxy-3-(3,5- 
drfluorophenyl)-propyl]-2-(tetrahydropyran-4-ylmetb.oxy)- 
morpholine-4-carboxylic acid tert-butvl ester 

(b) (2S 5 5R)-5-[(lS,2S)-2-Acetylamino-l-ben2yloxy-3-(3,5- 
difluorophenyl)-propyl]-2-(tetrahy6tepyran-4-ylmethoxy)- 
morpholine-4-carboxylic acid tert-butvl ester 


(a) 619.2 
[M+H] 

(b) 617.3 
[M-H] 


59 


(a) (2R,5R)-5-[(lS,2S)-2-Acetylanaino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-(4-methylcyclohexylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 

(b) (2S,5R)-5-[(lS,2S)-2-Acetylamiiio-l -benzylox3'-3-(3,5- 
difluorophenyl)-propyl]-2-(4-metkylcyclohexylmethoxy)- 


(a) 631.2 
[M+H] 

(b) 629.2 
[M-H] 
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morpholine-4-carboxylic acid tert-butyl ester 




60 


laj ^ziVjjxv.j-D-L^ i j-^-/vceiyiainiiK>- 1 -oenzyioxy-3 -(J 9 d- 

difluorophenyl>propyl]-2-(l-m^^ 

moipholine-4-carboxylic acid tert-butyl ester 

(b) (2S,5R)-5-[(l S ? 2S>2-A<^tylamino-l-benzyloxy-3-(3,5- 

difluorophenyl)-propyl]-2-(l-methyIcyclohexylmethoxy)- 

morpholine-4-carboxylic acid tert-butyl ester 


(a) 631.2 
[M+H] 

(b) 629.2 
[M-H] 


61 


{&) {Z]^ok.)-d-[{1\5 9 Z£> j-z-AcetyiairQiio-l-Denzyioxy-j-^jjD- 
difluorophenyl)-propyl]-2-(l-jfluorocyclohexyImethoxy)- 
moTpholine-4-carboxylic acid tert-butyl ester 
(b)(2S ? 5R)-5-[(lS,2S)-2-Acetylainino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-(l-fluoro-cycloliexylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


(a) 633.3 
[M-H] 

(b) 633.3 
[M-H] 


62 


(a) (zbpKjo-ijl b ? zbj-2-Acetylamino-l-beixzyloxy-i -{3 ,5- 
difluorophenyl)-propyl]-2-(4-fluorotetrahydropyran-4- 
ylmethoxy)-morpholine-4-carboxylic acid tert-butyl ester 

(b) (2R,5R)-5-[(lS > 2S>2-Acetylamino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-(4-fluorotetrahydropyran-4- 
ylmethoxy)-morpholine-4-carboxylic acid tert-butyl ester 


(a) 635.2 
[M-H] 

(b) 635.2 
[M-H] 


63 


(a) (2S,5R)-5-[(lS,2S)-2-Ace1ylamino-l-benzyloxy-3-(3 5 5- 
difluorophenyl)-propyl]-2-(3 -tert-butvlcyclobutoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 

(b) (2R,5R)-5-[ (1 S ? 2S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
difluoropheDylVpropyl]-2-(3-tert-butyl-cyclobutoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


(a) 629.2 
[M-HJ 

(b) 629.2 
[M-H] 


64 


(a) (2S,5R)-5-[(l S 9 2S)-2-Acetylamino-l-beri2yloxy-3-(3,5- 
difluorophenyl)-propyl]-2-((lR,2S 5 5R)-2-isopropyl-5- 
methylcyclohexyloxy)-morpholine-4-carboxylic acid tert-butyl 
ester 

(b) (2K^5K)-5-iXl b ,2S)-2 -Acetylammo- 1 -benzyloxy-3 -(3 ,5- 
difluorophenyl)-propyl]-2-((lR 5 2S 3 5R>2-isopropyl-5- 
methylcyclohexyloxy)-morpholine-4-carboxylic acid tert-butyl 
ester 


(a) 657.3 
[M-H] 

(b) 657.3 
[M-H] 


65 


(a) (2S,5R)-5-[(l S ? 2S)-2-Acetylamino-l--berizyloxy-3-(3 ? 5- 
difluorophenyl)-propyl]-2-((lS 3 2R,5S)-2-isopropyl>5- 

unduly li^y ^iuncA_y njx_y ^ liiui jjuuiiiic— ^-^*±i lhja. yiil- dciu tci i-uuiyi 
ester 

(b) (2R,5R)-5-[(lS,2S)-2-Acety1amino-l-benzyloxy-3-(3,5- 
difluorophenyl>propyl]-2-((lS,2R > 5S)-2-isopropyl-5- 
meth.ylcyclohexyloxy)-morpholine-4-carboxylic acid tert-butyl 
ester 


\CL) OJ / -J 

[M-H] 

(b) 657.3 
[M-H] 


66 


(a) (2R,5R>5-[(1 S,2S)-2-Acetylamino-l -benzyloxy-3-(3 ,5- 
difluorophenyl)-propyl]-2-((lS^R,5S)-6,6- 
dimetliylbicyclo[3.1.1]b.ept-2-yLmethoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 

(b) (2S 5 5R)-5-[(lS,2S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
dffluorophenyl)-propyl]-2-((lS,2R,5S)-6,6- 


(a) 655.2 
[M-H] 

(b) 655.2 
[M-H] 
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dimethylbicy clo [3.1.1] hept-2-y lmethoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 




67 


^ix^z)jv^o-^i ^-z-/\ceiyiaiiiino- 1 - Denzyioxy-o - 
difluorophenyl)-propyl]-2-(4-methoxycyclohexylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester -Isomer 1 


[M-BOC+H] 
(APCI) 


68 


^zo 5 oiy/o-|^ i o^zo j-z-Aceiyiamino-i -Denzyioxy-j-^j 3 ^- 
difluordphenyl)-propyl]-2-(4-metlioxycyciohexylme1iioxy)- 
morpholine-4-carboxylic acid tert-butyl ester-Isomer 2 


DH / .O 

[M-BOC+H] 
(APCI) 


69 


jzo ,2 Jx/O -[^lOyiiQ ^ -z - Acery laniiiio - 1 - Denzyioxy- j> -\ j -ainuoro- 
phenyl)-propyl]-2-(4-meiihoxycyclohexylme1iioxy)-morpholine^ 
4-carboxylic acid tert-butyl ester-Isomer 1 


647.9 
(APCI) 


70 


^ZK-,z>xv j-z>- i o,Zo j-z-Acetyianiiiio- 1 -Denzyioxy- d -^,D-aiiiuoro- 
phenyl)-propyl]-2-(4-metlioxycyclohexylinethoxy)-morpholine- 
4-carboxylic acid tert-butyl ester-Isomer 2 


647.9 
(APCI) 


71 


^zKo,z>JKc> jo- 1^1 oK^ZbK^-z-Acetyiammo- i-Denzyioxyo-^,-)- 
difluorophenyl)-propyl]-2-(4 : ,4-difluor6cyclohexylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


653.34 


72 


(zKopKo jo-ni oJv ? ZoK^z-Aceiyiammo-i-Denzyioxy-3-^j,j- 
difluorophenyl)-propyl]-2-(4-memyltetrahydropyran-4- 
ylmethoxy)-morpholine-4-carboxylic acid tot-butyl ester 


633.56 


73 


^zjtsaj>,3xvo j-j-^i oxv^Zoxv y-z-Aceiyiaiii mo- 1 -uciizyioxy-j-^j, j- 

cttmiorophenyl)-propyl]-2-(2 5 2-dW 

carboxylic acid tert-butyl ester 


591.44 


74 


^Zo,Dixj-j-L^i o 5 zo j-z-/\ceiyiaiiimo-i-Deiizyioxy-3-^j :) 3- 
difluorophenyl)-propyl]-2-[(R)- 1 -(tetrahydxofLiran-2- 
yl)methoxy]-morpholine-4-carboxylic acid tert-butyl ester 


605.39 


75 


(zKjo,S.KoJ-j-l(,1 oK^zoK^ 

difluorophenyl)-propyl]^^ 
morpholine-4-carboxylic acid tert-butyl ester 


629.47 


76 


(ZoKjj Ko j o- m oK-jZoKj-z-Acetyiammo- 1 - oenzyioxy- d -\? , z> - 
difluorophenyl)-propyl]-2-(l-cyclohexylcyclopropoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


643.34 


77 


(2R 5 5K)-5-[(l b 5 2b)-2-Acetylamino- 1 -benzyloxy-3 -(3 ,5- 
difluorophenyl)-propyl]-2-(l-benzylcyclohexylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


707.47 


78 


^-6 JvO ? J XvO \\ 1 OJN^aOjx ^-Z--r\vCLy IdlLLillU** 1 _ UCIJLZ<yiUAy-J v.-' ? J 

difluorophenyl)-propyl]-2-( 1 -memylcyclopentylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


617.46 


79 


(2S,5R)-5-[(l S,2S)-2-Acetylamino-l -ben2yloxy-3-(3,5- 
difluorophenyl)-propyl]-2-((R)-l-cyclohexylethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


631.49 


80 


(2RS ? 5RS)-5-[(lSR,2SR)-2-Acetylainino-l-benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-(l-benzyicyclopentylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


693.45 


81 


(2RS J 5RS)-5-[(lSR 9 2SR)-2-Acetylamino-l-benzyloxy-3-(3 > 5- 
difluoroplienyl)-propyl]-2-(4-oxocyclohexylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


631.5 
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82 


(2S,5R>5-[(lS^S)-2-Acetylamino-l-benzyloxy-3-(3,5- 
uijj.uoiupneiiyi ^-prupyij-z,-^i D5ZJx^-z-pnenyxcyciouexyj.oxy 
morpholine-4-carboxylic acid tot-butyl ester 




83 


(2S,5R)-5-[(lS,2S)-2-Acetylamino-l-benzyloxy-3-(3 s 5- 

rl i "Fl n nrnnli f»n "wl X_ t"itt\ti "vl "1— 9— f 9 9-rli tv» <=»+Vi"\r1 T\/^r»+A/l rvw\— m rvrrVhfVl in P— 
UJJUL LHJL KJjJJJLCiiy 1 ) Up J 1J ^ LUXIJLCLIiy lpCUL^lUAy J "JULiUI pilvJULLL t> 

4- carboxylic acid tot-butyl ester 


620 41 


84 


(2R,5R)-5-[(l S,2S>2-Acetylammo-l -benzyloxy-3-(3 ? 5- 

Ulll LHJ1 \JLJll\sLLy L J~ yjxljjjj XJ — \-J j UlXlU-Ui-VJ Z# — XJXCLXljrl 

trifluoromethylpropoxy)-moipholine-4-carboxylic acid tert-butyl 
ester 


699.46 


85 


difluorophenyl)-propyl]-2-(2 9 2-di^ 
carboxylic acid tert-butyl ester 


605.39 


86 


^zjx^jjv;- j-^i ^-z-Aceiyianiiiio- 1 -Denzyioxy-j-^j , j- 

<iifluorophenyl)-propyl]-2-^ 

4-carboxylic acid tert-butyl ester 


620.41 


87 


vzrv^oKj- loj/o j-z-/vcetyianuiio- 1 -Denzyioxy-3-^3 
difluorophenyl)-propyl]-2-(l-phenylcyclopentylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


679.48 


88 


^zo,-?iv;o-|_^i l>,/o y-z -Acexyiaiiiiiic)- 1 -ocnzyioxy o -^p ,->- 
difluorophenyl)-propyl]-2-(XS)-l^ 
morpholine-4-carboxylic acid tert-butyl ester 


631.53 


89 


difluorophenyl)-propyl]-2-(2,2 5 4-trimethylpen1yloxy 
morpholine-4-carboxylic acid tert-butyl ester 


633.52 


90 


^ZrXv,3ivj- j-^i o,zo j-z~/vceiyianiiiio- i-o enzyioxyo -\j ^d- 

ciifluorophenyl)-propyx]-2-^^^ 

carboxylic acid tert-butyl ester 


591.4 


91 


\Zj\^djvjo- n i o ,zo ^-z-Acexyianuno- 1 - Deuzyioxy- J j , j - 
dMuorophenyl)-propyl]-2-cyclohexyloxymorpholine-4- 
carboxylic acid tert-butyl ester 


603.4 


92 


^zo,3xv^- o,zo ^-z-Aceiyiaiiuno- i-Denzyioxy- j-^j 9 j-uixiuoro- 
phenyl)-propyl]-2-cyclohexyloxy-morpholine-4-carboxylic acid 
tert-butyl ester 


603.4 


93 


f2RS 5RSV5-IY1SR 2SRV9-AcetvlflTnino-.1-heTi7v1nxv-^-n 5- 
difluorophenyl)-propyl]-2-(2 ? 2-dimethylpropoxy)-moiphol^ 
carboxylic acid tert-butyl ester 


591.4 


94 


(2SR,5RS)-5-[(l SR,2SR)-2-Acetylamino- 1 -benzyloxy-3-(3,5- 
difluorophenyl)-propyl]-2-(3 3^dimethylbutoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


605.5 


95 


(2RS,5RS>5-[(lSR,2SR)-2-Ace^ 

difluoro-phenyl)-propyl]-2-(33-dime1liyl-butoxy)-morpholiiie-4» 
carboxylic acid tert-butyl ester 


605.5 


96 


(2SR,5RS)-5-[(l SR ? 2SR)-2-Acetylamino-l -ben2yloxy-3-(3 ? 5- 
difluorophenyl)-propyl]-2-(3-me4ylbutoxy)-moiphoW 
carboxylic acid tot-butyl ester 


591.4 
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97 


(2RS,5RS)-5-[(lSR,2SR)-2-Acetylamino-l-benzyloxy-3-(3,5- 




difluorophenyl)-propyl]-2-(3-meAylbutoxy)-morpholiiie-4- 


591.4 




carboxylic acid tert-butyl ester 





Preparation 98 
(2R,5R)-5-[(lS,2S)-2-Acetylamino-3^ 

(3,3-dimethylbutoxy)-morpholine-4-carboxylic acid tert-butyl ester 
5 Stir(2S,5R)-5-[(13,2S)-2-Acetylan^ 

propyl]-2-(33-dirae^ acid tert-butyl ester (0.18 g, 

0.29 mmol) and 10 % palladium on carbon (0.18 g) in ethanol (5 mL) under hydrogen at 
room temperature for 14 hours. Filter through Celite® and concentrate to give the title 
compound (0.148 g, 99.4% yield). . 
10 MS (ES): m/z = 515.4 [M+H] 

The compounds of Preparations 99-164 may be prepared essentially as described 



in Preparation 98. 



Prep 


Compound 


MS (ES) 
TM+H1 


99 


(2S 9 5R)-5-[(lS,2S)-2^Acetylamino-3-(3 ? 5-difluorophenyl)-l- 

hycfroxypropyl]-2-(3,3-dtmeth^ 

carboxylic acid tert-butyl ester 


515.4 


100 


(2R,5R)-5-[(lS,2S)-2-Acetylamino-3-(3 5 5-difluorophenyl)-l- 
hydroxypropyl]-2-isobutoxymorpholine-4-carboxylic acid tert- 
butyl ester 


487.4 


101 


(2S,5R)-5-[(lS,2S)-2-Acetylamino-3-(3 :> 5-difluorophenyl)-l- 
hydroxypropyl]-2-isobutoxymorpholine-4-carboxylic acid tot- 
butyl ester 


487.4 


102 


(2R,5R)-5-[(lS ? 2S)-2-Acetylamino-3-(3,5-difluorophenyl)-l- 
hydroxypropyl]-2-(3-methylbutoxy)-morpholine-4-carboxylic 
acid tert-butyl ester 


501.4 


103 


(2S 9 5R)-5-[(lS ? 2S)-2-Acetylamino-3-(3,5-di£luorophenyl)-l- 
hyd^oxypropyl]-2-(3-methylbutoxy)-morpholine-4-carboxylic 
acid tert-butyl ester 


501.4 


104 


(2R,5R)-5-[(l S y 2S)-2-Acetyiamino-3-(3 : ,5-difluorophenyl)- 1 - 
hydroxypropyl]-2-[2-(2-fluorophenyl)-ethoxy]-moipholine-4- 
carboxylic acid tert-butyl ester 


575.2 
[M+Na+] 


105 


(2S,5R)-5-[(lS 5 2S)-2-Acetylamino-3-(3 ? 5-difluorophenyl)-l- 
hyd^oxypropyl]-2-t2-(2-fluorophenyl)-ethoxy]-moiT)holine-4- 
carboxylic acid tert-butyl ester 


575.2 
[M+Na+] 


106 


(2R,5R>5-[(1 S,2S)-2-Acetylamino-3 -(3 ,5-difluorophenyl)- 1 - 
hydroxypropyl]-2-(3-cyclopentylpropoxy)-morpholine-4- 


563.3 
[M+Na+] 
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carboxylic acid tert-butyl ester 




107 


(2K,z>k o,Zo)-2 -Acetyiainino-3 -(3 p-cuiiuoropiienyi 1 - 

hydroxypropyl]~2-cyclohepty^ 

carboxylic acid tert-butyl ester 


563.3 
[M+Na+] 


108 


^zo 3 3ivj-d-l( i o,zo ^-z-/vcetyiaiiiino- 3-^,3-cuBuoropnenyi j- 1 - 
hydroxypropyl]-2-cycloheptylmel!ioxymorplioliiie-4- 
carboxylic acid tert-butyl ester 


599.2 
[M+CH 3 C0 2 T 


109 


{ZKjD.k.jo-j^ i o,Zo ^-z-Aceiyianiirio-3-^ j,3-cuiiuoropneiiyi/- 1 - 
hy droxypropyl] -2-(adamantan- 1 -ylmethoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


601.3 
[M+Na+] 


110 


(2 o,jK)-d-[(1 d,zo ) -2 -Acetyl amino -j ~(3 p-aiiiuoropnenyi 1 - 
hydroxypropyl]-2-(adamantan- 1 -ylmethoxy)-morpholine-4- 
carboxylic acid tert-butvl ester 


601.3 
[M+Na+] 


111 


(2R,oK)-d-[(1 b > 2lS)-z-Acelylammo-3-Q3 5 D-ciiiiuoropnenyl;- 1 - 

hydroxypropyl]-2-cyclohexylmethoxym^ 

acid tert-butvl ester 


549.3 
[M+Na+] 


112 


(2b,5K)-5-L(l b^JS)-2-Acetylammo-3-(3 ? 5-cUlluoropnenyl)-l - 

hydroxypropyl]-2-cyclohexylmethoxym^ 

acid tert-butyl ester 


549.3 
[M+Na+] 


113 


(2K,jK)-3-[QI o,2o )~2-Acetyiamino-3 -(3 p-aixiuoropnenyij- i - 
hydroxypropyl]-2-[2-(2-trifluoromethylphenyl)-ethoxy]- 
morpholine-4-carboxylic acid tert-butvl ester 


625.3 
[M+Na+] 


114 


(2 S ,5R)-5- [( 1 S ,2 S)-2-Acetylamino-3 -(3,5-cuHUoropnenyl)~ 1 - 
hydroxypropyl]-2-(2-m-tolylethoxy)-morpholine-4-carboxylic 
acid tert-butyl ester 


571.3 
[M+Na+] 


115 


(2K,5K)-5 - [(1 o yZ b)-2-Acetylamiiio-3 -(3 p-aiiluoropnenyl )- 1 - 
hydroxypropyl]-2-(2-m-tolylethoxy)-morpholine-4-carb 
acid tert-butvl ester 


571.3 
[M4Na+] 


116 


(zKpKj-S-lil >S ,2b)-2-Acetylarnmo-3-(3,D-aiiluoropnenyl)- 1 - 
hydroxypropyl]-2-(2-cyclohexylethoxy)-morpholine-4- 
carboxylic acid tert-butvl ester 


539.2 
[M-H] 


117' 


(ZR,5R)-5-[(l S,2S)-2-Ace1yJanmo-3-(3,5-aitluoropnenyl)-l - 
hydroxypropyl]-2-cyclopenty]methoxyrnoipholiae-4- 
carboxylic acid tert-butyl ester 


511.2 
[M-H] 


118 


^ in., 3 is. ^-D-^io,zo ^-z-ACcxyiainiiio-j j , j -urn uoropnenyi ^-1- 
hydroxypropyl]-2-cyclooctylmethoxymorpholirie-4-carboxylic 
acid tert-butyl ester 


553.3 
[M-H] 


119 


(2R,5R)-5-[(lS^S)-2-Acetylamino-3-(3,5-difluorophenyl)-l- 
hydroxypropyl]-2-(te1xahydropyran-4-ylmetboxy)-morpholirie- 
4-carboxylic acid tert-butvl ester 


527.2 
[M-H] 


120 


(2R,5R)-5-[(lS^S)-2-Acetylamino-3-(3,5-difluorophenyl)-l- 
hydroxypropyl]-2-(4-methylcyclohexylmethoxy)-morpholine- 
4-carboxylic acid tert-butvl ester 


539.2 
[M-H] 


121 


(2R,5R)-5-[(lS,2S)-2-Acetylamino-3-(3,5-difluoropheiryl)-l- 
hydroxypropyl]-2-(l-metihylcyclohexylmethoxy)-morpholine- 
4-carboxvlic acid tert-butyl ester 


539.2 
[M-H] 
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122 


^o,ji\.j">^io,iio ) At/Ciy ldiniiio- j -^5-5 -cuiiuoroprienyi ^-1- 

hydroxypropyl]-2-(l-fiuorocycto^^ 

4-carboxylic acid tot-butyl ester 


543.2 
[M-H] 


123 


hydroxypropyl]-2-(4-fluorotertrahydropyran-4-ylme^ 
morpholiae-4-carboxylic acid tert-butyl ester 


543.2 
[M-H] 


124 


^Zo, oiv;-z>-^io 3 zo y-z-/\cexyianuno-o-^j,D-cuiiuoropnenyi^- 
hy(koxypropyl]-2-(3-tot-butylcyclobutoxy)-morpholiiie-4- 
carboxylic acid tert-butyl ester 


539.2 
[M-H] 


125 


^za-pivjo-i^i o,zc> j-z-Aceiyiaiiiino-J-^^o-cii^ 
hydroxypropyl]-2-((lR,2S 5 5R)-2-isopropyl-5-methylcyclo- 
hexyloxy)-morpholine-4-carboxylic acid tert-butyl ester 


567.3 
[M-H] 


126 


(2R,5R)-5-[(lS 5 2S)-2-Acetylajnino-3-(3 ? 5-difluorophenyl)-l- 
nyoroxypropyi J-z-(\ ik,2o, Dic^z-isopropyio-metnyicycio- 
hexyloxy)-morpholine-4-carboxylic acid tert-butyl ester 


567.3 
[M-H] 


127 


(2S,5R)-5-[(lS 5 2S)-2-Acetylamino-3-(3 ? 5-difluorophenyl)-l- 
jiydroxypropyij l k ? 2K,3 o}-z-isopropyl-->-metnylcyclo- 
hexyloxy)-morpholine-4-carboxylic acid tert-butyl ester 


567.3 
[M-H] 


128 


(2R,5R)-5-[(lS ? 2S)-2-Ace1ylamino-3-(3 ? 5-difluoropheiiyl)-l- 
nyoroxypropyi J -z-\\ i o ^zk^d ^ j-z-isopropyio -metnyicy cio- 
hexyloxy)-morpholine-4-carboxylic acid tert-butyl ester 


567.3 
[M-H] 


129 


(2R,5R)-5-[(lS 9 2S)-2-Acetylamino-3-(3 9 5-difluorophenyl>l- 
nyaroxypropyij-^-^ l o^ZK, ^ o j-o ? o-ciunetiiyiDicycio[j . 1 . 1 J - 
hept-2-ylmethoxy)-morpholine-4-carboxylic acid tert-butyl 
ester 


[M-H] 


130 


v^zjk.OjDxv.o ^o-[\i oi\. ? zoxv j-z- Aceiyiainiiio-o j ,0 -uinuoro- 
pheny 1)- 1 -hydroxypropyl]-2-(4-methoxycy clohexyl-methoxy)- 
morpholine-4-carboxylic acid tert-butyl ester-Isomer 1 


557.42 


131 


phenyl)-l»hydroxypropyl]-2-(4-methoxycyclohexyl-methoxy)- 
morpholine-4-carboxylic acid tert-butvl ester-Isomer 2 


557.43 


132 


(z oKpKo)- j - [v i DK,zbK j-z-Acetyiaioino-3-^ , z> -amuoro- 
phenyl)-l-hydroxypropyl]-2-(4-methoxycyclohexylmethoxy)^ 
morpholine-4-carboxylic acid tert-butvl ester-Isomer 1 


557.4 
(APCI) 


133 


(2Kb,5KS)-5-[(lbK,2oK}-2-Acetyla[mno-3-(3,j 
phenyl)-l-hydroxy-propyl]-2-(4-methoxycyclohexylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester-Isomer 2 


557.44 


134 


(2RS,5RS)-5-[(lSR,2SR)-2-Acetylamino-3-(3,5-difluoro- 
phenyl)-l-hydroxypropyl]-2-(4,4-difluorocyclohexylmeth- 
oxy)-morpholine-4-carboxylic acid tert-butvl ester 


563.29 


135 


(2RS,5RS)-5-[(lSR,2SR)-2-Acetylamino-3-(3,5-difluoro- 
phenyl)-l-hydroxypropyl]-2-(4-methyltetrahydropyran-4- 
ylmethoxy)-morpholine-4-carboxylic acid tert-butvl ester 


543.7 
(APCI) 


136 


(2RS,5RS)-5-[(lSR,2SR)-2-Acetylamino-3-(3,5-difluoro- 
phenyl)-l-hydroxypropyl]-2-(2,2-dime<iiylpropoxy)- 
morpholine-4-carboxvlic acid tert-butvl ester 


501.37 
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137 


v^Oj dj^j- j-z-/\ceiyiaJiiiiio-j-^j ,3-uiiiuoropnenyi j^i" 
hydroxypropyl]-2-[(R)-l-(tetr^^ 
morpholine-4-carboxylic acid tert-butyl ester 


515.29 


138 


^zivo, j ixo y-o- i oiVjZoiv j-z- AceiyiaTTH n o-j -^j ,d -cuiiuoro- 
phenyl)-l -hydroxypropyl]-2-(bicyclo[2.2. 1 ]hept-l -ylmeth- 
oxy)-morpholine-4-carboxylic acid tert-butyl ester 


539.4 


139 


^Zojv,z>xvo jo-l^i oi^zoiv^-z-AceTyianiiu 
phenyl)-l-hydroxypropyl]-2-(l-cyclohexylcyclopropoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


553.32 


140 


^ZjVjjDiv;-!)-^ lo/j j-z-AcetyiamiTio-j -^j ? D-aiiiuoropjienyi )- 1 - 
hydroxypropyl]-2-(l-beiizylcyclohexylmethoxy)-morpholine 
4-carboxylic acid tert-butyl ester 


617.35 


141 


(2Kb ,5Kb)-5- [( 1 !SK^ZSK)-2-Acetylamino-5-(3 p-cutluoro- 
pheny 1)- 1 -hydroxypropyl] -2-(l -methylcyclopentylmethoxy)- 
morpholine-4-cafboxylic acid tert-butyl ester 


527.37 


142 


(z bpJvjo-l^ 1 2S 3 zc> J-z-Acetylamino-3-Qi, D-aaxluoropneaylj- 1- 
hyckoxypropyl]-2-((^)-l-cyclohexylethoxy)-morplioline-4- 
carboxylic acid tert-butyl ester 


541.38 


143 


(2Kb, DKSjo-Lt 1 bK^bKj-z-Acetylaiiiino-i-ti^o-aiiluoro- 
phenyl)- 1 -hydroxypropyl] -2-( 1 -benzylcyclopentylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


603.34 


144 


(^z1vo,jivo ^-z>-m oi^zo Jcvj-z-Acetyiaiiiinoo^ 
phenyl)-l-hydroxypropyl]-2-(4-oxo-cyclohexylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


541.37 


145 


^zo ,Divj o - 1\. i & ,zo j -z- Aceiyianuiio- j -\ j , d -ainuoropnenyi j-i- 
hydroxypropyl]-2-((lS ? 2R)-2-phenylcyclohexyloxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


589.44 


146 


^zo 5 jK)o-L(i j-z-Acetyiamino-i-^, D-cttuuoropneiiyi)-l- 
hydroxypropyl]-2-(2,2-dimethylpentyloxy)-morpholine^ 
carboxylic acid tert-butyl ester 


[M-BOC+H] 
(APCI) 


147 


(zKpK J-^-Ll A o,zo j-z-Acetyiarninoo-vj p-cunuoropnenyi 
hydroxypropyl] -2-(3 ,3 .3 -trifiuoro-2-methyl-2-trifluoromethyl- 
propoxy)-morpholine-4-carboxylic acid tert-butyl ester 


609.41 


148 


(2R,5R)-5-[(l S 9 2S)-2-Acetylanuno-3-(3 ,5-cuiluoropnenyl)-l - 
hydroxypropyl]-2-(2 ? 2-dimethylbutoxy)-morpholine-4- 

r , QT , rio'V"\/1i^ 5*r*iri "frf^ff"— Vin'f'vl f*cf 
L/<irDUAjrllU cHslLl ICll-UUiyi Co LCI 


515.3 


149 


(2R,5R)-5-[(l S,2S)-2-Acetylamino-3-(3,5-difluorophenyl)-l - 
hydrox3^ropyl]-2-(2,2H3imethylpentyloxy)-morplioline-4- 
carboxylic acid tert-butyl ester 


429.4 
[M-BOC+H] 
(APCI) 


150 


(2I^5R)-5-[(lS,2S)-2-Ace1ylamiao-3-(3,5-dif[uoroplieriyI)-l- 
hydroxypropyl]-2-(l-phenylcyclopentybiiethoxy)-morpb.oline- 
4-carboxylic acid tert-butyl ester 


489.7 
[M-BOC+H] 
(APCI) 


151 


(2S,5R)-5^(lS,2S)-2-Acetylamino-3-(3,5-difluoropheriyl)-l- 
hydroxypropyl]-2-((S)-l-cyclohexylethoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


541.39 


152 


(2R,5R)-5-[(l S,2S)-2-Acetylamino-3-(3,5-difluorophenyl)-l - 
hy(froxypropyl]-2-(2^,4-1rimethylpentyloxy)-morpholine-4- 


543.42 
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carboxylic acid tert-butvl ester 




153 


C2R-5R>-5-rClS 2SV2-Acetvlamino-3-('3 5-difluoroohenvlVl- 
hydroxypropyl]-2-(2^-dimethylpropoxy)-morpholine-4- 
carboxylic acid tert-butvl ester 


501.4 


154 • 


(2R 5RV5-IY1S 2SV2-Acetvlamino-3-r3 5-difluoroDhenvlVl- 
hydroxypropyl]-2-cyclohexyloxymorpholine-4-carboxyK^ acid 
tert-butvl ester 


513.4 


155 


^u.Jlv J \\L iD}Z»iDJ X^\*S2Lj LcMASLJJMJ "J v ? ^ \XxXl\X\JL\JyJiJKfXXj XJ X. 

hyciroxypropyl]-2~cyclohexylox^ acid 
tert-butyl ester 


513.3 


156 


(2RS 5RSV5-rriS1^2SRV2-AcetvlairiinO"-3-f3,5- 
(iifluorophenyl)-l-hydroxypropyl]-2-(2,2-dto 
morpholine-4-carboxylic acid tert-butyl ester 


501.4 


157 


(2SR.5RSV5-rn SR.2SRV2-Acetvlamino-3-f3 5- 
difluorophenyl)-14iydroxypro^ 
morpholine-4-carboxylic acid tert-butvl ester 


515.4 


158 


PRS 5RSV5-IT1 SR 2SRV2-AeetvlaTrriiio-'W3 5- 
difluorophenyl)- 1 ~hydroxypropyl]-2-(3 3-clirnethylbutoxy)- 
morpholine-4-carboxylic acid tert-butvl ester 


515.4 


159. 


^fluorophenyl)-l-hydroxypropyl]-2-(3-methylbutoxy)- 
morpholine-4-carboxylic acid tert-butvl ester 


501.4 


160 


C2RS 5RSV5-IY1 SH* 2SRV2-Acefrlamino-3-(3 5-difluoro- 
phenyl)-l-hydroxypropyl]-2-(3-methylbutoxy)-morpholine-4- 
carboxylic acid tert-butvl ester 


501.4 


161 


(2RS,5RS)-5-[(lSR,2SR)-2-Acerylairiino-3-(3,5-diiluoro- 
phenyl)-l-hydroxypropyl]-2-cyclohexylmethoxymorpho]ine-4- 
carboxylic acid tert-butyl ester 


' 527.5 


162 


(2SR5RS)-5-[(lSR,2SR>2-Acetylamino-3-(3,5- 
difluorophenyl)- 1 -hydroxypropyl]-2-isobutoxymorpb.oline-4- 
carboxylic acid tert-butyl ester 


487.4 


163 


(2RS,5RS)-5-[(lSR,2SR)-2-Acetylamino-3-(3,5- 
difluorophenyl)- 1 -hydroxypropyl]-2-isobutoxymorpholine-4- 
carboxylic acid tert-butvl ester 


487.4 


164 


(R)-5-[(lS,2S)-2-Acetylamino-3-(3,5-difIuorophenyl)-l- 
hydroxypropyl]-2-e1boxymoipholuie-4-carboxylic acid tert- 
butyl ester 


457.2 
[M-H] 



Preparation 165 

N-[(l S,2S)-2-Benzyloxy-2^ 

difluorobeiizyl)-e1iiyl]-acetairiide trifluoroacetate 
Dissolve (2S 5 5R>5-[(lS,2S)-2-Acetylarjiino-l -beiizyloxy-3-(3 s 5-difluoroplienyl)" 
propyl]-2<3-cyclopentylpropoxy)-morpholine-4-cartK)xy acid tert-butvl ester (67 mg ? 
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0.106 mmol) in neat trifluoroacetic acid under nitrogen. After 20 min, dilute the reaction 
mixture with dichloromethane and concentrate it on the rotary evaporator four times, then 
dilute with benzene and concentrate again. Dry the residue under vacuum to give the title 
compound. 
5 MS (ES+): 53 1 J2 m/z = [M+H] 

Preparation 166 
(2S,5R)-5-[(lS 5 2S)-2-Ammo-3^ 

ethoxymoipholine-4-carboxylic acid tert-butvl ester - 
10 [fRV2-f tert-butvl-dimethvlsilanvloxvV 1 -(1 -ethoxv-2-iodoethoxvmethvl)-ethvl1 -carbamic 
acid tert-butvl ester 

Dissolve [(R)- 1 - ftert- buM-dimethvlsUanvlo^ 
acid tert-butyl ester (1.0 g, 3.27 mmol) and ethyl vinyl ether (0.20 g, 2.73 mmol) in 
acetonitrile (20 mL) and add N-iodosuccinimide (0.735 g 5 3.27 mmol). Stir at room 
15 temperature 72 hours and pour into saturated aqueous sodium chloride. Extract with ethyl 
acetate, wash with water and saturated aqueous sodium chloride, dry (magnesium 
sulfate), filter and concentrate. Purify (silica gel chromatography, eluting with 100:0 to 
10:90 hexanes:ethyl acetate) to give the desired compound (462 mg, 34%). 
MS (ES): m/z = 504.4 = [M+H] 

20 

(2S-5RV5-(tert-butvldime1hvlsUanvloxv^ acid 
tert-butvl ester 

Add sodium hydride (0.044 g 5 1.10 mmol, 60% dispersion in mineral oil) to [2- 
(R)-(t^-butyl-dimethylsilany 

25 acid tert-butvl ester (0.462 g, 0.91 8 mmol) in N,N-dimethylfonnamide (9 mL) at room 
temperature. Heat to —50 °C for 4 hours, cool to room temperature and pour into ethyl 
acetate. Wash with water, 1 N lithium chloride, and saturated aqueous sodium chloride. 
Dry (magnesium sulfate), concentrate and purify (silica gel chromatography, eluting with 
100:0 to 1 : 1 hexanes:ethyl acetate) to give a mixture of two diastereomers, the more polar 

30 of which is the desired compound. 

*H-NMR (400 MHz, CDC1 3 ) 5 4.69 (br s, 1H), 3.98-3.45 (m, 8H), 3.07 (d, J = 12.8 Hz, 
1H), 1.46 (s, 9H), 1.22 (t, J = 7.2 Hz, 3H), 0.89 (s, 9H), 0.07 (s, 6H). 
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f2S,5SV2-Ethoxv-5-hvckoxvmethv]morpholine'4-carboxvlic acid tert-butvl ester 

Dissolve (2S,5R)-5-(fr^-butyldi^ 
carboxylic acid tot-butyl ester (039 g, 1 .04 mmole) in tetrahydrofuran (3 mL) and add 
5 tetrabutylammoniiun fluoride (2.1 mL, 2.1 mmol, 1.0 M in tetrahydrofuran). Stir 45 
minutes at room temperature, concentrate and purify (silica gel chromatography, eluting 
with 10:90 to 40:60 ethyl acetate:hexanes) to give the desired compound (252 mg, 92%). 
! H-NMR (400 MHz, CDC1 3 ) 8 4.69 (br s, 1H), 4.08-4.04 (m, 2H), 3.88-3.66 (m, 4H), 
3.56 (d, J = 10.8 Hz, 1H), 3.51-3.43 (m, 1H), 3.20 (d, J = 14Hz, 1H), 1.47 (s, 9H), 1.22 (t, 
10 J = 7.2 Hz, 3H). 



r2S>5RV5-raR,2SV3-r3.5-DmuoroDhenvlVl-hvdroxv~2-nitropropvl1-2- 
ethoxvmorpholine-4-carboxvlic acid tert-butvl ester 

Add pyridine sulfur trioxide complex (0.283 g, 1.78 mmol) in dimethylsulfoxide 

15 (1.5 mL) to a solution of (2S,5S)-2-e1hoxy-5-hydroxymethylmorpholine-4-carboxyhc 
acid tert-butvl ester (0.245 g, 0.938 mmol) and triethylamine (0.180 g, 1.78 mmol) in 
dimethylsulfoxide (3 mL) at room temperature. Stir at room temperature for 4 hours and 
pour into 50 mL of 1 0:90 ethyl acetate:hexanes. Wash with water and saturated aqueous 
sodium chloride, dry (magnesium sulfate), filter and concentrate. Dissolve the residue in 

20 tetrahydrofuran (1.5 mL) and add 3,5-difluorophenyl nitroethane (0.134 g, 0.725 mmol). 
Cool in an ice water bath and add tetrabutyl ammonium fluoride (0.70 mL, 0.70 mmol, 
1 .0 M in tetrahydrofuran) all at once. Stir 30 minutes and pour into cold water containing 
saturated aqueous sodium chloride (-20 mL). Extract with ethyl acetate, wash with water 
and saturated aqueous sodium chloride, dry (magnesium sulfate), concentrate and purify 

25 (silica gel chromatography, eluting with 100:0 to 70:30 hexanes:ethyl acetate) to give the 
desired compound (159 mg, 54%). 
MS (ES): in/z = 445.2 = [M-H] 



r2S.5RV5-rasqSV2-Amino-3"G.5-difluorophenvlVl-hvdroxvpropvn-2- 
30 ethoxvmo r pholine-4-carboxvlic acid tert-butvl ester 

Add sodium borohydride (0.061 g, 1.62 mmol) portionwise to a solution of 
(2S,5R)-5-[(lR,2S)-3-(3,5-difluorophenyl>l-hydroxy-2-nitropropyl]-2- 
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ethoxymorpholine-4-carboxylic acid tert-butyl ester (0.145 g, 0.325 mmol) and nickel (II) 
chloride (0.063 g, 0.487 mmol) at room temperature in methanol (5 mL) and stir 30 for 
min. Add water (~3 mL) and concentrate. Dilute with ethyl acetate and filter through a 
filtering agent Partition the filtrate between ethyl acetate and water, dry (magnesium 
5 sulfate) and concentrate to give the title compound as a white solid (95 mg 5 70%). 
MS (ES): m/z = 41 7.3 = [M+H] 

Preparation 167 
(2R,5R)-5-[(l S,2S)-2-Acetylam^ 
1 0 butyryloxymethylmorpholine-4-carboxylic acid tert-butyl ester 



(TO-4-rflS.2S>l-benCTloxv-2-diben 
dimethvloxazoUdine-3-carboxvlic acid tert-butyl ester 

Add sodium hydride (2.26 g, 56.47 mmol) and benzyl bromide (10.53 g, 61.60 

1 5 mmol) to (R)-4-[(l S ? 2S)-2-amino-3-(3,5-difluorophenyl)-l-hydroxypropyl]-2,2- 

dimethyloxazolidine-3-carboxylic acid tert-butyl ester (3.97 g, 10.27 mmol) in N,N- 
dimethylformamide (100 mL) at room temperature. Heat to 85 °C for 14 hours. Cool to 
room temperature and pour into ethyl acetate. Wash with water, 1 N lithium chloride and 
saturated aqueous sodium chloride. Concentrate and purify (silica gel chromatography, 

20 eluting with 5:95 to 10:90 diethyl ethenhexanes) to give the desired compound (2.42 , 
g,36%). 

MS (ES): m/z 658 = [M+H] + 

f2R.3R.4S V2-AminO"3-benzyloxy-4-dibenzvlamino-5-f 3 .5-difluorophenyl)-pentan-l -ol 
25 Dissolve 4-[(lS,2S)-l-benzylox5^2-dibenzylamino-3-(3,5-difluorophenyl)- 

propyl]-2,2-dimethyloxazolidine-3-carboxylic acid tert-butyl ester (2.42 g, 3.68 mmol) in 
dry dioxane (16 mL). To the solution add 4 M hydrogen chloride in 1,4-dioxane (32.2 




F 



O 
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mL, 129 mmol) and stir for three hours. Concentrate to give the hydrochloride salt of the 
desired product as a white solid (2. 1 7 g, 1 00%). Slurry the solid in ethyl acetate (150 
mL) and stir vigorously with saturated sodium bicarbonate (1 00 mL). Separate the layers 
and dry (magnesium sulfate) to give the desired compound. 
5 MS (ES): m/z = 517 [M+H] + 

Butyric acid rR-V3-rriR^2R,3SV2-benzvloxv-3-dibenzvlamino-4-f3 ,5-difluorophenvlVl- 
hvdroxvmethv1hiitY lflmin oV2-hvdroxypropvl ester 

Slurry the (2R 5 3R,4S)-2-amino-3-benzyloxy^-diben2ylamino-5-(3,5- 

1 0 difluorophenyl)-pentan-l -ol (1 . 17 g, 2.26 mmol) in ethanol (1 1 .5 mL) in a sealed tube 
flushed with nitrogen. Add butyric acid (R)- 1 -oxiranylmethyl ester (0.96 mL, 6.79 
mmol), seal the tube and heat at 85 °C for three hours. Concentrate and purify (silica gel 
chromatography, eluting with 1 .25% to 3.75% [2 M ammonia in methanol]/ 
dichloromethane) to give the desired compound as a mixture of isomers as a white foam 

15 (1.07 g, 71%). 

MS (ES): m/z = 662 [M+H] + 

Butyric acid (RV3-irnR-2S3SV2-benzvloxy-3^^ 
hydroxymethvl-butvll -tert-butoxvcarbonvl-amino ) -2-hydroxvprop vl ester 

20 Dissolve the butyric acid (R)-3-[(lR 5 2R,3S)-2-beiizyloxy-3-dibenzylamino-4- 

(3 5 5-difluorophenyl)~l-hydroxyme1hyI-butyIamino]-2-hydroxypropyl ester mixture (1.06 
g, 1 .62 mmol) in dry tetrahydrofuran (tetrahydrofuran) (2.5 mL). Add diisopropylethyl 
amine (0.57 mL, 3.24 mmol) and di-tert-butyl dicarbonate (587 mg, 2.69 mmol) and stir 
for 3.5 days. Add water (60 mL) and extract the mixture with ethyl acetate (100 mL). 

25 Wash the organic layer (60 mL) with water and saturated aqueous sodium chloride (50 
mL), dry (magnesium sulfate) and purify (silica gel chromatography, eluting with 25:75 
to 45:65 ethyl acetate :hexanes) to give the desired compound as a white foam (479 mg, 
39%). 

MS (ES): m/z = 762 [M+H] + 

30 

f2R^5R>5-raS,2S>l-benzvloxv-2-dibe^ 
butvrvloxvmethvlmorDholine-4-carboxvlic acid tert-butvl ester 
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Dissolve in a round bottom flask charged with argon butyric acid (R)-3- 
{[(lR,2S,3S)-2-benzyloxy-3-dibe^ 

hydroxymethylbi^ ester (367 mg ? 0.483 

mmol) in dry benzene (4.5 mL). Add tributylphosphine (0.180 mL, 0.724 mmol) 
5 followed by the addition of tetramethylazodicarboxamide (125 mg, 0.724 mmol). 
Vigorously stir the resulting slurry overnight Concentrate and purify (silica gel 
chromatography, eluting with 15:85 to 20:80 diether ethenhexanes) to give the desired 
compound as a white foam (302 mg, 84%). 
MS (ES): m/z = 744 [M+H] + 

10 

(2R.5Ry5-raS.2SV2-Amino-3-G.5-d^ 
bulvivloxvmethvl-morpholine-4-carboxvlic acid tert-butvl ester 

Dissolve (2R,5R)-5-[(l S^S)-l-benzyloxy-2-dibenzylamino-3-(3,5- 
difluorophenyl)-propyl]-2-butyiyloxymethyl-morpholm acid tert-butvl 

1 5 ester (295 mg 5 0.397 mmol) in ethanol (29 mL). Add 20% palladium hydroxide on 
carbon (330 mg) and stir under 1 atmosphere of hydrogen gas for 48 hours. Filter 
through a filtering agent and wash with ethanol. Concentrate the filtrate to give the 
desired compound as a white foam (188 mg, 100%). 
MS(ESI): m/z = 473 [M+H] + 

20 

Amide Formation 

To (R)-5-[(lS ? 2S)-2-aimno-3<3,5-difluorophenyl)-l-hydroxypropyl]-2- 
butyryloxymethyl-morpholine-4-carboxylic acid tert-butvl ester (0.187 g, 0.396 mmol) in 
tetrahydrofuran (4 mL), add triethylamine (0.037 mL, 0.396 mmol) and acetic anhydride 
25 (0.055 mL, 0.396 mmol). Stir the solution for 3 hours. Concentrate and purify (silica gel 
chromatography, eluting with 50:50 to 60:40 ethyl acetate:hexanes) to give the title 
compound as a white foam (125 mg, 61%). 
MS (ES): m/z = 415 [M-100+H] + 



30 



Preparation 168 
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(2R,5R)-5-[(l S 9 2S)-2-Acetylamino-3-(4-butoxyphenyl>l -hydroxypropyl]-2-.(2,2- 
<Hmetliylpropoxy)-3-(S)-methylmorpholine 4-carboxylic acid tert-butyl ester 
3-0 -Hvdroxv-2-nitroethviy phenol 
5 Dissolve 3-hydroxybenzaldehyde (18.4 g, 15.07 mmol) in tetrahydrofuran (100 

mL). Add nitromethane ((42 mL, 780 mmol), cool in an ice bath and add 
tetrabutylanamonium fluoride (151 mL, 151 mmol, 1.0 M in tetrahydrofuran). Stir for 2 
hours, dilute with ethyl acetate (200 mL), wash with water (3 x 500 mL) and saturated 
aqueous sodium chloride (200 mL). Extract the aqueous washes with diethyl ether (3x), 
1 0 wash with saturated aqueous sodium chloride, dry (magnesium sulfate), filter through a 
pad of silica gel, and concentrate. Suspend the residue in hot dichloromethane with -5% 
ethyl acetate, cool and filter solid. Purify filtrate using silica gel chromatography, eluting 
with 5:95 ethyl acetate '.dichloromethane. Combine the solid from the dichloromethane 
trituration with the purified filtrate to give the desired compound (24.88 g, 90% total 
15 yield). 

] H-NMR (400 MHz, CDC13) 5 3.155 (bs, 2H); 4.50 (m, 2H); 5.340 (dd, 1H); 6.777 (m, 
1H); 6.845 (m, 2H); 7.201 (t, 1H) 

Acetic acid 3-(2-nitrovmvlVphenvl ester 
20 Add 3-(l-hydroxy-2-nitroethyl)-phenol (22.3 g, 121.8 mmol), 18-Crown-6 (3.3 g, 

12.5 mmol), potassium fluoride (spray-dried) (7.1 g, 141 mmol) to acetic anhydride (115 

mL, 1.21 8 mol). Stir for 1 hour. Cool in an ice bath and pour into ice water (400 mL) 

and stir for 15 minutes. Decant and extract the aqueous with ethyl actetate (twice). 

Combine extracts with the solid, wash with water (twice), saturated aqueous sodium 
25 chloride (twice), dry (magnesiun sulfate), filter, concentrate and purify (silica gel 

chromatography, eluting with 25:75 hexanes:dichloromethane to 100% dichloromethane) 

to give the desired compound as an orange oil (25.56 g, 91%). 
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Acetic acid 3-f2-iutroethvlVphenvl ester 

Dissolve acetic acid 3-(2-nitrovinyl)-phenyl ester (25.56 g, 123.38 mmol) in 
chloroform (1575 mL). Add silica gel (247 g 5 2g/mmol) and isopropanol (370 mL) with 
5 mechanical stirring. Add portionwise sodium borohydride (18.67 g, 493.5 mmol) over 10 
minutes. Stir at room temperature for 1 hour. Quench with 1 N hydrochloric acid (130 
mL) over 20 minutes and stir at room temperature for 15 minutes. Filter solid and wash 
with dichloromethane (800 mL). Wash filtrate with saturated aqueous sodium chloride 
(300 mL), dry (magnesium sulfate), filter and concentrate to give the crude phenol 

10 intermediate contaminated with reduced starting material which is used directly in the 
next step. Dissolve the crude intermediate (23.14 g 5 -1 10 mmol) in pyridine (75 mL), 
cool in an ice bath and add acetic anhydride (4.1 mL, 44 mmol). Stir for 1 hour. 
Concentrate at -20 °C, dissolve in ethyl acetate (150 mL), wash with cood 1 N 
hydrochloric acid (4 x 200 mL), saturated aqueous sodium chloride and dry (magnesium 

15 sulfate) and concentrate. Extract the aqueous washes with ethyl acetate, dry (magnesium 
sulfate) and concentrate. Combine both lots to give the desired compound as an orange 
oil (25.55 g, 99% total yield). 

4-fliyf3-(3-AretoxvphenvlVl-(^ 

20 3-carboxvlic acid tert-butvl ester 

Dissolve acetic acid 3-(2-nitroethyl)-phenyl ester (25.53 g, 121.6 mmol) and tert- 
butyl (R)-(+)-4-foimyl-2,2-dime1hyl-3-oxazohdinecarboxylate (Gardner's aldehyde) 
(22.38 g, 97.61 mmol) in dry tetrahydrofuran (200 mL). Cool in ice bath and add 
tetrabutylammonium fluoride (98 mL, 98 mmol, 1.0 M in tetrahydrofuran) and stir for 15 

25 minutes. Pour into ice water (2.7 L), wash with 1 N hydrochloric acid (200 mL), 

saturated aqueous sodium chloride, dry (magnesium sulfate), filter through a pad of silica 
gel and concentrate. Purify using silica gel chromatography, eluting with 5:95 ethyl 
acetaterdichloromethane, followed by 2 separate crystallizations using 
hexanes/dichloromethane to give the desired compound (1 8.372 g, 43% total yield). 

30 MS(ES): m/z = 437 [M-H] 
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4-fR>p-fSyAmm o-l-fSVhv^^ 
dimethvloxazohdine-3-carboxvlic acid tert-butvl ester 

Add nickel (II) chloride (6.0 g, 46.1 ramol) to a solution of4-(K)-[3-(3' 
acetoxyphenyl)-l-(R)-hy^ 
5 acid tot-butyl ester (1 8.37 g, 41 .9 mmol) in dry methanol (900 niL). Cool in an ice bath 
and portionwise sodium borohydride (6.34 g, 167.6 mmol) over 8 minutes. Stir for 10 
minutes. And concentrate. Partition the residue between ethyl acetate (200 mL) and 
water (200 mL), filter through Celite® and wash with ethyl acetate. Wash the organic 
layer with saturated aqueous sodium chloride, combine aqueous washes and extract with 
10 ethyl acetate. Combine the organic layers, dry (magnesium sulfate), filter and concentrate 
to give the desired compound as a crude foam. Suspend the Celite® cake in ethyl acetate, 
filter, wash with saturated aqueous sodium chloride, dry (magnesium sulfate), filter and 
concentrate to obtain more desired compound. 
MS(ES): m/z = 367 [M+H] 

15 

4-(llV[l-fS>benzvloxv-3 -(3>benzvloxvphenvl)-2-(S)-dibenzvlaminor>ropyl1-2.2- 
dimethvloxazolidine-3-carboxvlic acid tert-butyl ester 

Add tricaprylmethylammonium chloride (Aliquat® 336) (4.5 g, 11.2 mmol) and 
tetrabutylammonium bromide (TBAB) (5.7 g, 15.7 mmol) to a solution of 4-(R)-[2-(S> 

20 amino- 1 -(S)-hydroxy-3-(3-hydroxyphenyl)-propyl]-2,2-dimethyloxazohdine-3 -carboxylic 
acid tot-butyl ester (16.45 g 3 crude) in tetrahydrofuran (200 mL). Add portionwise 95% 
sodium hydride (2.6 g, 90 mmol) and stir for 10 minutes. Add benzyl bromide (13.4 mL, 
1 12.5 mmol) and heat at 60 °C for 40 minutes and concentrate. Add more 95% sodium 
hydride (5.4 g, 225 mmol) and ben2yl bromide (27 mL, 225 mmol) in tetrahydrofuran (-5 

25 mL) and stir overnight at 65 °C. Dilute with ethyl acetate, quench with water (300 mL), 
wash with water, and saturated aqueous sodium chloride. Extract the aqueous washes 
with ethyl acetate, comvine the organic layers, dry (magnesium sulfate), filter and purify 
twice (silica gel chromatography, eluting with 5:95 to 10:90 ethyl acetate:hexanes) to 
give the desired compound as an orange residue (1 6.01 g, 49%). 

30 MS(ES): m/z = 727 [M+H] 

2-(llVAjnino-3-(Tiybenzvloxv-5-G^ 
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Dissolve 4-(R)-[l-(S)-benzyloxy^ 
dibenzylammopropyi]-2,^ acid tert-butvl ester (1 6.01 

g, 22.0 mmol) in 4 M hydrogen chloride in 1,4-dioxane (130 mL) and stir for 30 minutes. 
Add water (65 mL) and stir for 1 8 hours. Slowly add sodium bicarbonate (50 g) and 
5 water (—50 mL). Extract with ethyl acetate, wash with saturated aqueous sodium 
chloride, dry (magnesium sulfate), filter and concentrate to give the crude desired 
compound. 

MS(ES): m/z = 587 [M+H] 

10 3-(TO-benzvloxv-5-f3-ben2rylox^ 

ethvlaminol -4-f S Vdibenzvlaminopentan- 1 -(TO-ol 

3-(T^>benzvloxv-5-f3-benzvfo 1 -(RVmethvl- 

ethvlaminol-4-f SVdibengylaminopentan- 1 -flO-ol 

Add 3 A molecular sieves (3.4 g, 0.155g/mmol) to a solution of 2-(R)-amino-3- 

15 (R)-benzyloxy-5-(3-benzyloxypheny (12.75 g, 21.73 

mmol), l s l-bis-(2,2-dimethylpropoxy)-propan-2-one (9.3 mL, 34.77 mmol) and 
pyridinium p-toluenesulfonate (PPTS) (0.545 g, 2.17 mmol) in dry toluene (100 mL) 
under nitrogen. Reflux in a Dean Stark trap for 1 8 hours. Cool, filter and dissolve the 
solid in dry methanol (150 mL). Cool in an ice bath and add sodium cyanoborohydride 

20 (5.5 g, 86.92 mmol), followd by the slow addition of glacial acetic acid (2.5 mL, 43.5 " 
mmol) and stir 2.5 hours. Sonicate the reaction to increase solubility. Filter, wash with 
methanol, and add water (15 mL), 2 N sodium hydroxide (100 mL) and ethyl acetate (100 
mL) and stir for 1 0 minutes. Add saturated aqueous sodium chloride and wash the 
organic layer with 2 N sodium hydroxide (2 x 100 mL) and saturated aqueous sodium 

25 chloride. Extract the aqueous washes with ethyl acetate, wash with saturated aqueous 

sodium chloride, combine organic layers, dry (magnesium sulfate), filter and concentrate. 
Separate the two isomers using silica gel chromatography, eluting with 
hexanes/dichloromethane to give the two desired compounds 3-(R)-benzyloxy-5-(3- 
benzyloxyphenyl)-2-[2,2-bis-(2,2-dimethylpropoxy)- 1 -(S)-methyl-ethylamino] -4-(S)~ 

30 diben2ylaminopentan-l -(R)-ol (2.91 1 g, 1 7%) and 3-(R)-benzyloxy-5-(3- 

ben2yloxyphenyl)-2-[2,2-bis-(2,2-dimethylpropoxy)- 1 -(^)-methyl-ethylamino]-4-(S)- 
dibenzylaminopentan-l-(R)-ol (2.167 g, 12%). 
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rSVDibenCTM2-(Rybe^ 
dimethvlpropoxvy5^>methvlm 

Add dropwise boron trifluoride diethyl etherate (1 .4 mL, 10.89 mmol) to a 
5 solution of 3-(R)-benzyloxy-5-(3-benzyto^ 

(S)-methyl-e1bylamino]^-(S)^benzylarninopentan-l»(R)-ol (2.91 g, 3.63 mmol) in 1,2- 
dichloroethane (40 mL) and heat at 100 °C for 10 minutes. Dilute with dichloromethane, 
wash with saturated aqueous sodium bicarbonate, saturated aqueous sodium chloride, dry 
(magnesium sulfate), filter, concentrate and purify (silica gel chromatography, eluting 
10 with 15:85 ethyl acetate:hexanes) to give the desired compound (1.80$ g, 70%). 
MS(ES): m/z = 713[M+H] 

5-fllHl-(Sybenzyloxv-3-(3-ber^ 

dimethvlprc^oxvV3-fS )-rnethYlm orpholine-4-cari?oxvIic acid tert-butvl ester 
1 5 Add N,N-diisopropylethylamine (813 jxL, 4.67 mmol) to a solution of (S)- 

dibenzyi- {2-(X>-benzyloxy- 1 -(3-b^ 

5 -(R)-methylmorpholin-3 -yl] -ethyl } - amine (1.664 g, 2.335 mmol) and di-tert-butyl 
dicarbonate (1.53 g, 7.0 mmol) in dry 1,2-dichloroethane (20 mL) and heat to 70 °C for 
18 hours. Wash with 1 N hydrochloric acid, dry (magnesium sulfate), filter, concentrate 
20 and.purify (silica gel chromatography, eluting with 5:95 to 10:90 ethyl acetaterhexanes) 
to give the desired compound as a white foam (1.38 g, 73%). 
MS(ES): m/z = 813[M+H] 

S-fKyp-fSVArm no-1-^ 
25 dimethvlpropoxvy3"rsymethvlmorpholine-4-carboxvlic acid tert-butvl ester 
Dissolve 5-(R)-[l -(S)-benzyloxy-3-(3-benzyloxyphenyl)-2-(R)- 
dibenzylaminopropyl]-2-(R)-(2,^ 

carboxylic acid tert-butvl ester (1.38 g, 1.70 mmol) in tert-butanol (-50 mL). Add 20% 
palladium hydroxide on carbon (4 g) and hydrogenate at 50 psi hydrogen gas at 40 °C for 
30 18 hours. Filter and concentrate to give the desired compound (802 mg). 
MS (ES): m/z = 453 [M+H] 
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5-r2-fSyAcet^lamino-l-fSyhvdro^ 

dimethvtaropoxvV3"f SVmethvlmorpholine-4-carboxylic acid tert-butvl ester 

Add acetic anhydride (320 ^L, 3.4 mmol) and N,N-diisopropylethylamine (590 
pL, 3.4 mmol) to a solution of 5-(T^)-[2-(S)-amino-l-(S)-hydroxy-3-(3~hydroxyphenyl)- 
5 propyl]-2-(R)-(2,2Kiimethylpropoxy acid tot- 

butyl ester (770 mg, 1 .70 mmol). Stir for 2.5 hours. Dilute with ethyl acetate, wash with 
1 N hydrochloric acid (twice), saturated aqueous sodium bicarbonate, saturated aqueous 
sodium chloride, dry (magnesium sulfate), filter, concentrate and purify (silica gel 
chromatography, eluting with 20:80 to 25:75 ethyl acetate :hexanes) to give the desired 
1 0 compound (292 mg). 

MS (ES): m/z = 495 [M+H] 

5-(K)-\2-( SVAcetvlamino-3 -(3 -butoxvphenvlV 1 -f S Vhvdroxyproi>vn-2-rRVf 2.2- 
dimethvlpropoxvVS-rSVmethvlmorpholine-^-carboxYlic acid tert-butvl ester 
15 Add 1-bromobutane (6 pL, 55.6 pmol) to a solution of 5-[2-(S)-acetylamino-l- 

(S)4iydroxy-3~(34iydroxyphenyl)-pro^ 

methylmorpholine-4-carboxylic acid tert-butyl ester (25 mg, 50.5 pmol) and cesium 
carbonate (33 mg, 1.01 pmol) in N,N-dimethylformamide (250 pL). Heat to 60 °C for 3 
hours. Dilute with ethyl acetate, wash with water, dry (magnesium sulfate), filter, 
20 concentrate and purify (silica gel chromatography, eluting with 20:80 to 85 : 1 5 ethyl 
acetate:dichloromethane) to give the title compound (28.5 mg, 80%). 
MS (ES): m/z = 573 [M+Na] 

The compounds of Preparations 169-183 may be prepared essentially as described 
25 in Preparation 168 using the appropriate alkyl bromides. 



Prep 


Compound 


MS (ES) 
[M+Na] 


169 


5-(^>{2-(S)-Acetylamino-l--(S)-hydroxy-3-[4--(3-methylbutoxy)- 
phenyl]-propyl}-2-(R)-(2,2-dimethylpropoxy)-3-(S)- 
methylmorpholine-4-carboxylic acid tert-butvl ester 


587 


170 


5-(R)-[2-(S)-Acetylamino-l-(S)-hydroxy-3-(3-propoxyphenyl)- 

propyl]-2-(^)<2,2-dimethylpro^ 

carboxylic acid tert-butyl ester 


559 


171 


5-(R)-[2-(S)-Ace1ylamino-l-(S)-h^ 
propyl]-2-(R)-(2,2-dime1hylpropox^ 


.573 
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carboxylic acid teat-butyl ester 




172 


QR.3S 5RV5-UlS-2SV2-Acetvlamino-3-r3-C2-fIuoro-ethoxv')- 
phenyl]-l-hydroxy-propyl}-2-(2,2-d^ 
morpholine-4-cafboxylic acid tert-butyl ester 


563 


173 


(2R.3S 5RV5-IY1S 2SV2-Acetvlamino-3-r3-r2 2-difiuoro-ethoxvV 

phenyl]-l~hydroxy-propyl}-2-(2^ 

morpholine~4-carboxylic acid tert-butyl ester 


581 


174 


(7R 3S 5RV5--IY1S 2SV2-Aeetvlarrnrio-l -hvdroxv-^^n-^-methvl- 
butoxy)-pheiiyl]-propyl}-2-(2 5 2-dimethyl-propoxy)-3-methyI- 
morpholine-4-caxboxylic acid tert-butyl ester 


587 


175 


OR SRVS-IYIS ^SV2-Ar.etvlaminf>-l -hvdrow-^-n-nronoxv- 
phenyl)-propyl]-2-(2 ? 2-dimethyl-propoxy)-3-me1hyl-morpboline-4- 
carboxylic acid tert-butyl ester 


[M-t- 
Bu+H] 


176 


phenyl)-propyl]-2-(2 5 2-dimethyl-propoxy)-3-methyl-morphol^ 
carboxylic acid tert-butyl ester 


559 


177 


phenyl)-l-hydroxy-propyl]-2-(2^-dimethyl-propoxy)-3-methy 
morpholine-4-carboxylic acid tert-butyl ester 


599 


178 


inethyl-biitoxy)-pheny^ 
morpholine-4-carboxylic acid tert-butyl ester 


587 


179 


(2R 3S 5RV5-IY1S 2SV2-Acetvlamino-3-n-ethoxv-TjhenvlVl - 

hydroxy-propyl]-2-(2,2-dimethyl-propoxy^ 

carboxylic acid tert-butyl ester 


545 


180 


(2R,3S,5R)-5-[(l S:?S;)-?-Ar.ety1arnino-^-(^-n11y1ovy-.phfiny1)-U 

hydroxy-propyl]-2-(2,2-dime1^ 

carboxylic acid tert-butyl ester 


557 


181* 


(2R,5R)-5-[(l S,2S)-1 -Hydroxy-2-acetylamino-3-(3-propoxy-5- 

fluorophOTyl)-propyl]-2-(cyclohexyto 

carboxylic acid tert-butyl ester 


567.3 
[M 4 ] 


182* 


(2R,5R)-5-[( 1S,2S)- 1 -Hydroxy-2-acetylamino-3-(3-isobutoxy-5- 
fluorophenyl)-propyl]-2-(cyclohexylmethoxy)-moipholm 
carboxylic acid tert-butyl ester 


581.3 
[M 4 ] 


183* 


(2R,5R)-5-[(lS,2S)-l-Hydroxy-2-acetylamino-3-(2 5 2 ? 2-trifl 
oxy-5-lWrophenyl)-propyl]-2-(cyclo^ . 
carboxylic acid tert-butyl ester 


607.3 
[M 4 ] 



*Prepared as described in Preparation 168 beginning with 5-(R)-[l-(S)-benzyIoxy-3-(3- 



tenzyloxyphenyl)-2-(R)-ciiben 
4-carboxylic acid tert-butyl ester 

Preparation 184 

5~(R)-[2-(S)-Ace<ylai^ 

metbylbiityl)-moipholine-4-carboxylic acid tert-butyl ester 
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5-(S)-[2-(R>Acetylamm^ 

methylbutyl)-morpholine-4-carboxylic acid tert-butyl ester 
Tdluene-4-sulfonic acid 2-(S)-hydroxv-5-methvlhexyl ester 

Add dropwise over 5 minutes isobutyknagnesium bromide (4.4 mL, 8.8 mmol, 2 
5 M in diethyl ether) to a solution of lithium tetrachlorocuprate (4.4 mL, 0.44 mmol, 0.1 M 
in tetrahydrofuran) cooled to -35-40 °C Dissolve (2S)-(+)-glycidyl tosylate (1 .674 g, 
7.73 mmol) in tetrahydrofuran (8 mL), cool to -40 °C and cannulate into the stirring 
Grignard reaction flask. Quench with saturated aqueous ammonium chloride (25 mL), 
pour supernate into saturated aqueous ammonium chloride (25 mL) and water and shake 
1 0 well. Wash with saturated aqueous sodium chloride, dry (magnesium sulfate), filter, 
concentrate and.purify (silica gel chromatography, eluting with 10:90 to 25:75 ethyl 
acetate:hexanes) to give the desired compound (1.671 1 g, 75%). 

1 -[2-(R>benzvloxv-3 -( SVdibenzylamino-4-f 3 »5-dffluorophenvlV 1 -(H)- 

15 hvdroxvmethvlbuty lamin^^ 

Add potassium carbonate (555 mg, 4.013 mmol) to a solution of 2-amino-3-(R)- 
benzyloxy-4-(S)-dibenzylammo-5-(3,^ (1.0366 g, 2.06 

mmol) and toluene-4-sulfonic acid 2-(S)-hydroxy-5-methylhexyl ester (1.037 g, 2.006 
mmol) in dry methanol (4.5 mL). Heat at 80 °C in a sealed vessel for 48 hours, Partiton 

20 between ethyl acetate and water, wash with saturated aqueous sodium bicarbonate, 

saturated aqueous sodium chloride, dry (magnesium sulfate), filter, concentrate and purify 
(silica gel chromatography, eluting with 20:80 to 50:50 ethyl acetate:hexanes) to give the 
desired compound (672 mg, 53%). 
MS(ES): m/z-631 [M+H] 

25 

r2-fS>benzyloxv-3-(S>dibenzylai^^ 

hvdroxvmethylbul^ll-^-rSVhvdroxv-S-methvlhexvn-carbamic acid tert-butyl ester 

Dissolve 1 ~[2-(R)-benzyloxy-3 -<S)-diben2ylamino-4-(3 ,5-difluorophenyI)- 1 -(R)- 
hydroxymethylbutylamino]-5-methylhexan-2--(S)-ol (672 mg, 1.06 mmol) in 
30 dichloromethane (10 mL). Add 20% aqueous sodium carbonate (10 mL), hydroxylamine 
(6.5 pL, 0.106 mmol, 50 wt %) and then di-tert-butyl dicarbonate (0.236 g, 1.06 mmol) 
and stir 72 hours. Separate layers, extract with dichloromethane,dry (magnesium sulfate), 
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filter and concentrate. Dissolve in methanol and add more di-tert-butvl dicarbonate 
(0.480 g, 2.2 mmol) and stir at room temperature over the weekend. Concentrate and 
purify on silica gel, eluting with 10:90 to 25:75 ethyl acetaterhexanes to give the desired 
compound (292 mg). 

5 

5-(TO-n-fSybenzyloxy-2-^ 

methvlbutvlVmorpholine-4-carboxvlic acid tert-butvl ester 

Dissolve [2-(S)-benzyloxy-3-(S)-dibenzylamino-4-(3,5-difluorophenyl)-l -(R)- 
hydroxymethylbutyl]-(2-(S)-hyckoxy-5-me1hylhexyl)-carbamic acid tert-butvl ester (253 

1 0 mg, 347 mmol) in benzene (3 mL). Deoxygenate the reaction mixture. Add tributyl 

phosphine (130 yL, 520 mmol), N,N-tetxame1hyI azodicarboxamide (TMAD) (89.5 mg, 
520 mmol) and stir at room temperature 2.5 hours. Add deoxygenated tetrahydrofuran (5 
mL), more tributyl phosphate (130 uL), more TMAD (90 mg) and stir 1.5 hours. Filter, 
rinse with hexanes, concentrate and purify (silica gel chromatography, eluting with 5:95 

1 5 ethyl acetate:hexanes) to give the desired compound (1 91 .7 mg, 77%). 
MS (ES): m/z = 713 [M+H] 

5-filU2-fS)-Ammo-3-r3.5-&^ 
morpholine-4-carboxvlic acid tert-butvl ester 

20 Dissolve 5-(R)-[l-(S)-benzyloxy-2<S)-dibenzylamino-3-(3,5-cMuorophenyl)- 

propyl]-2-(S)-(3-methylbutyl)-morpholine-4-carboxylic acid tert-butyl ester (187.7 mg, 
0.263 mmol) in methanol (10 mL). Add 20% palladium hydroxide on carbon 100 mg) 
and hydrogenate at one atmosphere hydrogen gas for 18 hours. Add more 20% palladium 
hydroxide on carbon (100 mg) and further hydrogenate at one atmosphere hydrogen gas 

25 for 5 hours. Filter and concentrate to give the desired compound (107.8 mg, 93%). 
MS (ES): m/z = 443 [M+H] 

5-OlVr2-rS)-AcetvlaminoO-f3.5-dmuorophenvl>-l -rSVhvdroxvpropyl1-2-rSVr3- 
methvlbutvl)-morpholine-4-carboxvlic acid tert-butvl ester 
30 5-rSH2-<TO-Acetvlammo-3-G^ 

methvlbutvl)-morpholine-4-carboxvlic acid tert-butvl ester 
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Add acetic anhydride (25 jxL, 0.264 mmol) to a solution of 5-(R)-[2-(S)-amino-3~ 
(3,5-difluorophenyl)-l-(S)-hydroxypropyl]^^ 

carboxylic acid tert-butyl ester (107.mg, 0.240 mmol) and triethylamine (37 jj.L, 0.267 
mmol) in tetrahydrofdran (5 mL) and stir at room temperature for 1 8 hours. Concentrate 
5 and purify (silica gel chromatography, eluting with 80:20 ethyl acetaterdichloroinethane), 
to separate the two title compounds 5-(R)- [2-(S)-acetylamino-3 -(3 ,5 -difluorophenyl)- 1 - 
(S)-hydroxypropyl]-2-(S)-(3-methylbutyl)-moipholine-4-carboxyUc acid tert-butyl ester 
(0.141 g, 59%) and 5-(S)-[2-(TR)-ace^lamino-3-(3,5-difluorophenyl)-l-(R> 
hydroxypropyl]-2-(S)-(3-methylbutyl)-morpholine-4-carboxylic acid tert-butyl ester (25.1 
10 mg,22%). 

MS (ES): m/z = 507 [M+Na] 

The compounds of Preparations 185-186 may be prepared essentially as described 
in Preparation 184 using neopentylmagnesium bromide and 3,3-dimethylbutane- 
15 magnesium bromide fOrg Synth. 68, 104, (1989)) respectively. 



Prep 


Compound 


MS (ES) 
IM+H1 


185 


5-(U)-[2-(S)-Ace1ylaimno-3-(3,5-difluorophenyl)-l-(S> 
hydroxypropyl]-2-(S)-(3,3-dimeihylbu1yl)-morpholine-4-carboxylic 
acid tert-butyl ester 

5-(S>[2-(R)-Acetylamino-3-(3 ? 5-difluorophenyl)-l-(R)- 
hydroxypropyl] -2-(S)-(3 ,3-dimethylbutyl)-morpholine-4-carboxylic 
acid tert-butyl ester 


727 


186 


5-(ll)-[2-(S)-Acetylamino-3-(3,5-difluorophenyl)-l-(S)- 
hydroxypropyl]-2-(S)-(4,4-dimethylpentyl)-morpholine-4-carboxyhc 
acid tert-butyl ester 

5-(S)-[2^)-Acetylamino-3-(3,5-difluorophenyl)-l-(R> 
hydroxypropyl]-2-(S)-(4,4-dimethylpentyl)-moipholine-4-carboxyhc 
acid tert-butyl ester 


741 



Preparation 187 

(S)-Diben2yl-[2-(4-(R)-b^ 

ethyl]-anaine 

20 3-benzvlaiiHno-4-(T^yben^ .5-difluorophenylVhexan- 1 - 

fRVol 
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Add magnesium sulfate (2.5 g), 4A molecular sieves (2.5 g) followed by 
benzaldehyde (0.95 mL, 9.35 mmol) to a solution of 2-amino-3-(R)-benzyloxy-4-(S)- 
dibenzylamino-5-(3,5~difIuorophenyl>^ (4.60 g, 8.90 mmol) in dry 

tetrahydrofuran (5 mL). Stir at room temperature for 1.5 hours, filter and concentrate. 
5 Dissole the residue in absolute ethanol (5 mL), cool in an ice bath and add sodium 
borohydride in 3 portions (330 mg, 8.9 mmol). Remove ice bath and stir at room 
temperature overnight Add 1 N hydrochloric acid (3 mL) and stir for 5 minutes. Pour 
into a separatory funnel containing dichloromethane/water and basify to about pH =10 
using saturated aqueous potassium carbonate (-20 mL). Extract with dichloromethane (2 
10 x 150 mL), dry (magnesium sulfate), filter, concentrate and purify (silica gel 

chromatography, eluting with 30:70 to 40:60 ethyl acetate:hexanes) to give the desired 
compound as alight yellow oil (3.93 g, 73%). 
MS (ES) = 607.2 [M+H] 

15 4-ben^l-5-n-fSVbenzvloxv-2-fSV^ 
morpholin-3-one 

Dissolve 3-benzylammo-4-(R)-benzylo^ 
difluorophenyl)-hexan-l-(R)-ol (0.673 g, 1.11 mmol) in toluene (5 mL), cool to 0 °C and 
add triethylamine (0. 1 5 mL, 1.11 mmol). Add slowly chloroacetyl chloride (0.09 mL, 

20 1.11 mmol). Stir at 0 °C for 1 hour and at room temperature overnight (JCS Perk Trans 1, 
1987. 547). Wash with saturated aqueous sodium chloride (30 mL), dry (sodium sulfate), 
filter and concentrate. Dissolve in tert-butanoL add potassium tert-butoxide and heat to 
reflux for 6 hours. Concentrate, dissolve in ethyl acetate, wash with 1 N hydrochloric 
acid, saturated aqueous sodium chloride, dry (sodium sulfate), filter and purify (silica gel 

25 chromatography, eluting with 30:70 ethyl acetaterhexanes to give the desired compound 
as a white foam (0.375 g, 52%). 
MS (ES) = 647.2 [M+H] 



fS>Dibenzvl-r2-f4-raVben^ 
30 ethvll-amine 

Dissolve 4-benzyl-5-[l -(S)-benzyloxy-2-(S)-diben2ylamino-3-(R)-(3,5- 
difluorophenyl)-propyl]-morpholin-3-one (0.308 g, 0.476 mmol) in dry tetrahydrofuran (3 
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mL) under nitrogen and cool to 0 °C. Add borane-methyl sulfide complex (1 mL, 2 
mmol, 2 M in tetrahydrofuran) and let stir over the weekend (JCS Perkins Trans., l\ 1987. 
547). Add 8 drops of water and concentrate. Dissolve in ethyl acetate and wash with 
water, 0.1 N sodium hydroxide, dry (sodium sulfate), filter and purify (silica gel 
5 chromatography, eluting with 20:80 ethyl acetate: hexanes) to give the title compound as 
a white foam (0.143 g, 48%). 
MS (ES)= 633.3 [M+H] 

Preparation 188 

1 0 (2R,5R)-5-[(l S,2S)-2-Acetylamino-3-(3-chloro-5-fluorophenyl)-l -hydroxypropyl]-2- 
(2,2-dimethylpropoxy)-morpholine-4-carboxylic acid tert-butyl ester 
(2R.5RV2-(2.2-DimethvlpropoxvV 5-fo^ acid tert-butvl ester 

Dissolve (2R,5 S)-2-(2 ,2-dimethylpropoxy)-5 -hydroxymethylmorpholine-4- 
carboxylic acid tert-butvl ester (3.67 g, 12.1 mmol) in anyhydrous dimethylsulfoxide (25 

1 5 mL) and dichloromethane (4 mL) and cool to 0 °C under nitrogen. Add 

diisopropylethylamine (7.4 mL, 42.3 mmol) then pyridine sulfur trioxide (3.47 g, 21.8 
mmol) in 2 portions. Stir at 0 °C for 20 minutes and then remove from the cooling bath to 
allow all solids to dissolve. Pour into ice cold saturated aqueous sodium chloride, extract 
with 10% ethyl acetate/hexanes, wash with 0.1 N aqueous citric acid (30 mL), saturated 

20 aqueous sodium chloride (30 mL), dry (magnesium sulfate), filter and concentrate to give 
the desired compound as a colorless oil (3.37 g, 92%). 

1 -Chloro-3-fluoro-5-f fEV2-nitrovinvlVbenzene 

Dissolve 3-chloro-5-fluorobenzaldehyde (4.0 g, 25.2 mmol) in glacial acetic acid 
25 (15 mL). Add nitromethane (4.1 mL, 75.7 mmol) and ammonium acetate (1.94 g, 25.2 
mmol) and heat to reflux for 4 hours. Cool and pour over ice. Dilute with 2 N sodium 
hydroxide and extract with ethyl acetate, dry (magnesium sulfate), concentrate and purify 
(silica gel chromatography, eluting with 1:1 dichloromethanethexanes) to give the desired 
compound as a beige solid (2.97 g, 58%). 

30 



l-ChloTO-3-fluoro-5-r2-nitroethylVbenzene 
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Add sodium borohydride (0.75 g, 19.7 mmol) to a solution of 1,4-dioxane (10 
mL) and absolute ethanol (2.5 mL) in a room temperature water bath. Next add 1-chloro- 
3-fluoro-5-((E)-2-nitrovinyl)-bei3zene (1.5 g, 8.98 mtnol) in 1,4-dioxane (10 mL) 
dropwise and stir at room temperature for 1 hour (Bhattacharjya, Synthesis, 1985. 886- 
5 997). Add ice chips, glacial acetic acid (2 mL), water (2 mL), concentrate and dilute in 
dichloromethane/water. Wash the dichloromethane layer with water, saturated aqueous 
sodium chloride, dry (sodium sulfate), filter and purify (silica gel chromatography, 
eluting with 1:1 dichloromethanethexanes) to give the desired compound as an oil (1.07-g 
70%). 

10 l K NMR (CDC13) 6 330 (t, 2H, J = 8Hz), 4.62 (t, 2H, J = 8Hz), 6.85 (m, 1H), 7.02 (m, 
2H) 

f2R.5RV5-r(lR^Sy3-(3-CMoro-5-fl^ 

dimethvlpropoxvVmorpholine~4-carboxylic acid tert-butyl ester 
15 Add l-chloro-3-fluoro-5-(2-nitroethyl)-benzene (0.343 g 9 1.68 mmol) in dry 

tetrahydrofuraan (2 mL) to a solution of (2R,5R)-2-(2,2-dimethylpropoxy)-5- 
formylmorpholine-4-carboxylic acid tert-butyl ester (0.462 g, 1.53 mmol) in 
tetrahydrofiiran (7 mL). Add tetrabutylammonium fluoride (0.77 mL, 0.765 mmol, 1.0 M 
in tetrahydrofuran) and stir at room temperature for 1 hour. Dilute with ethyl acetate and 
20 wash with saturated aqueous sodium chloride, dry (sodium sulfate), concentrate and 
purify (silica gel chromatography, eluting with 2:98 ethyl acetate:dichloromethane) to 
give the desired compound as a white foam (0.455 g, 59%). 
MS (ES): m/z = 503.3 [M-H] 

25 (2R.5Ry5-raS>2SV2-Ammo-3-f3-cMoro 

dimethvlurouoxvVmorphnliTie-4-carboxvlic acid tert-butyl ester 

Dissolve (2R,5R)-5-[(lR,2S)-3-(3-chloro-5-fluorophenyl)-l -hydroxy-2- 
nitropropyl]-2-(2,2n3imetliy^^ acid tert-butyl ester 

(0.455 g, 0.901 mmol) in methanol (8 mL) and stir at room temperature in an oil bath. 

30 Add anhydrous nickel (II) chloride (0.175 g, 1.35 mmol) followed by sodium borohydride 
(0.170 mg, 4.50 mmol) in 3 portions over 5 minutes and stir for 15 minutes. Add water (2 
mL), 0.1 N sodium hydroxide (2 mL) and extract with ethyl acetate (2 x 30 mL). 
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Combine organic extracts, wash with saturated aqueous sodium chloride (30 mL), dry 
(sodium sulfate), filter through a pad of Celite® and concentrate to give the desired 
compound as a colorless oil (0.428 g). 
MS (ES): m/z = 475.2 [M+H] 

5' 

r2R.5RV5-rriS,2SV2-Acetvlamino-3-r3-cMoro-5-fluorophenvlVl-hvdrox^ 
r2.2-dimethvlpropoxvVmorpholine-4-carboxvlic acid tert-butvl ester 

Add triethylamine (138 pL, 0.99 mmol) to a solution of (2R,5R)-5-[(lS,2S)-2- 
amino-3-(3-chloro-5-fluorophenyl)-l-hy 

10 morpholine-4-carboxylic acid tert-butvl ester (0.428 g, 0.901 mmol) in tetrahydrofuran (5 
mL) followed by acetic anhydride (91 11L, 0.991 mmol). Stir at room temperature for 30 
minutes, dilute with dichloromethane, wash with 0.1 N hydrochloric acid (30 mL), 
saturated aqueous sodium chloride (30 mL), dry (sodium sulfate), filter and purify (silica 
gel chromatography, eluting with 2:98 to 10:90 methanol:dichloromethane) to give the 

1 5 title compound as a white foam (0.212 g, 45%). 
MS (ES): m/z = 539.2 [M+Na] 

The compounds of Preparations 189-202 may be prepared essentially as described 



in Preparation 188 above using the appropriate benzaldehydes and formylmorpholines. 



Prep 


Compound 


MS (ES) 
[M+Nal 


189 


(2I^5R)-5-[(lS,2S)-2-Acetylamino-l-hydroxy-3-(2,3 5 5- 

trifluorophenyl)-propyl]-2-(2,2-dm 

carboxylic acid tert-butvl ester 


541.3 


190 


(2R,5R)-5-[(l S,2S)-2-Acetylamino- 1 -hydroxy-3-(3- 
txifluoromethoxyphenyl)-propyl]-2-(2 5 2-dimethylpropoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


571.3 


191 


(2R,5R)-5-[(lS 5 2S)-2-Acetylamino^l-hydroxy-3-(3- 
trifluoromethylphenyl)-propyl]-2-(2^-dimethylpropoxy)-moipholine- 
4- carboxylic acid tert-butyl ester 




192 


(2R,5R)-5-[2-Anaino-3-(3-benzyloxyphenyl)-l-hydroxypropyl]-2-(l- 
methylcyclopentylmethoxy)-morpholine-4-carboxylic acid tert-butyl 
ester 


555 


193 


(2R,5R)-5-[(l S,2S)-2-Acetylamino- 1 -hydroxy-3 -(3 -hydroxyphenyl)- 
propyl]-2-(2 ? 2-dimethylpropoxy)-morpholine-4-carboxylic acid tert- 
butyl ester 


503.3 


194 


(2R,5R>5-[(lS,2S)-2-Acetylamino^3-(3,5-dimethylphenyl)-l- 





WO 2006/034093 



PCIYUS2005/033277 



-85- 





hydrox3^ropyl]-2-(2,2-dimethylpropoxy)-morpholine-4-carboxylic 
acid tert-butyl ester 




195 


(ZK,j D,DXJ- I o/o j-2-Acetylamino- X -ny aroxy-3 -(3 - 
isobutylsulfanylphenyl>propyl]-2-^ 
methylmoipholine-4-carboxylic acid tot-butyl ester 




196 


(zK,3 b,5X)-5-L(l o,zb)-2-Acelylammo-3-(3-iluoro-D 
isobutylsiilfanylphenyl)-l-hydroxypropyl]-2-(2^-dim 
3 -methyl-morpholine-4-carboxylic acid tert-butyl ester 




197 


^ziVjJOy^KJ-z?-^! o/o j-z-Acetyiamino-:$-(3-Huoroo- 
propylsulfanylphenyl)-l -hydroxypropyl] -2-(2 5 2-dimethylpropoxy)-3 - 
methylmorpholine-4~carboxylic acid tert-butyl ester 




198 


(2K,3 b,i)Kj- o,z& y-z-Acetylajiiiiio-i-nyaroxyo-(3- 
propylsulfanylphenyl)-propyl^ 
methylmorpholine-4-carboxylic acid tert-butyl ester . 




199 


yZts^j jivy-3-[^io,zo j-z, - Ace ty lamino- 1 -nyciroxy-^-^j> - ouiyi- d - 

fluorophenyI)-propyl]-2-(2,2-dimethy^ 

4-carboxylic acid tert-butyl ester 


553.5 


200 


(2R,3S 9 5R)-5-[(lS,2S)-2-Acetylamino-l-hydroxy-3-(3-(2 ? 2 5 2- 
trifluoroethoxy)-phenyl)-propyl]-2-(2^-dimethylpropoxy)-3- 
methylmorpholine-4-carboxylic acid tert-butyl ester 


599.2 


201 


(2R3S ? 5R)-5-[(lS,2S)-2-Acetylai^ 
oxyphenyl)-propyl]-2-(2,2-dimethy^ 
carboxylic acid tert-butyl ester 




.202 


(2R,3 S,5R)-5-[(l S,2S)-2-Acetylamino- 1 -hydroxy-3 -(3-methoxyphen- 
yl)-propyl]-2-(2,2-dimethylpropoxy)-3-methylmorpholine-4- 
carboxylic acid tert-butyl ester 





Preparation 203 
ToIuene-4-sulfonic acid (S)-2-hydroxy-4-phenyIbutyI ester 
Add phenyl methyl magnesium bromide (14 mL, 14 mmol, 1 M in 
5 tetrahydrofuran) to a solution of Uthium tetrachlorocuprate (5.5 mL, 0.55 mmol, 0.1 M in 
tetrahydrofuran) in dry tetrahydrofuran (10 mL) and stir at -35 °C (acetonitrile/diy ice 
bath) for 15 minutes (J. Med. Chem., 41, 2451-2460, (1998); JOC, 54, 1295-1304, 
(1989)). Cool to -35 °C a solution of (2S)-(+)-glycidyl tosylate (2.51 g, 11.0 mmol) in 
dry tetrahydrofuran (4 mL) and transfer rapidly via cannula to the Grignard solution. Stir 
10 for 1 hour at -35 °C, quench with a saturated aqueous ammonium chloride solution and 
dilute with diethyl ether. Wash the organic layer with saturated aqueous sodium chloride, 
dry (sodium sulfate), concentrate and purify (silica gel chromatography, eluting with 
35:65 ethyl acetate:hexanes) to give the desired compound as a colorless oil (1.77 g, 50%) 
MS (ES): m/z = 338.3 JM+18] 
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The compound of Preparation 204 may be prepared essentially as described in 



Preparation 203 above using cyclohexylmethylmagnesium bromide. 



Prep 


Compound 


MS (ES) 


204 


Toluene-4-sulfonic acid (S)-4-cyclohexyl-2-hydroxybutyl ester 


344.3 
[M+181 



5 Preparation 205 

5-(R)-[2-(S)-Acetylammo-3-(3 ,^ 
. . . cvclohexvlethvlVmorpholine-4-carboxvlic acid tert-butvl ester 

3-fl^ybenzvloxv-2-n^V(4-cvclohexv^ 
( 3 .5 -difluorophenvlVpentan- 1 -ol 

10 Dissolve 2-(R)-amino-3-(R)-beri2yloxy-4-(S)-<Ubenzylamino-5-(3,5- 

difluorophenyl)-pentan-l-ol (600 mg, 1.16 mmol) and 2-(S)-(2-cyclohexylethyl)-oxixane 
(179 mg, 1.16 mmol) in absolute ethanol (8 mL) in a sealed glass pressure vessel and heat 
to 80 °C for 4 days. Concentrate and purify (silica gel chromatography, eluting with 1 :99 
to 5:95 methanohdichloromethane) to give the desired compound (510 mg, 65%). 

1 5 MS (ES): m/z = 671 .5 [M+H] 

r2-fSybenzvloxy-3-(S)-diben2vlamino 

butvr]-f4-cvclohexvl-2-( SVhvdroxv-butvD-carbamic acid tert-butvl ester 

Add di-tert-butvl dicarbonate (0.19 mL, 0.82 mmol) to a solution of 3-(R> 

20 benzyloxy-2-(^)-(4-cyclohexyl-2-(S>^ 

difluorophenyl)-pentan-l-ol (424 mg, 0.63 mmol) and diisopropylethylamine (0.19 mL, 
1 .07 mmol) in tetrahydrofuran. Stir overnight at room temperature and add more di -tert - 
butyl dicarbonate (0.4 mL). Stir another day, concentrate, dilute with ethyl acetate, wash 
with dilute aqueous sodium bicarbonate, dry (sodium sulfate), filter, concentrate and 

25 purify (silica gel chromatography, eluting with 10:90 ethyl acetate:dichloromethane) to 
give the desired compound (317 mg, 65%). 
MS (ES): m/z = 77L5 [M+H] 
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5-(TO-fl-(SVbenzvloxv-2-fSychte 

cvclohexylethvlVmorpholine-4-carboxylic acid tert-butvl ester 

Add tri-n-butylphosphine (0.20 mL, 0.82 mmol) and l,l'-azobis(N,N- 
dimelbylfonnamide) (diamide) (142 mg, 0.82 mmol) to a solution of [2-(S)-benzyloxy-3- 
5 (S)-dibenzylamino^(3,5-difluorophenyl)-l-(R>hy 

(S)4iydroxybutyl)-carbamic acid tert-butvl ester (317 mg, 0.41 mmol) in dry 
tetrahydrofuran (5 mL) and stir at room temperature for 3 days. Filter, dilute filtrate with 
ethyl acetate, wash with 0.1 N hydrochloric acid/saturated aqueous sodium chloride (50 
mL) ? dry (sodium sulfate), filter, concentrate and purify (silica gel chromatography, 
10 eluting with dichloromethane to give the desired compound as a white foam (232 mg, 
75%). 

MS (ES): mJz = 753.5 [M+H] 

5-ffO-r2-rSVAmmo-3-r3,5-difl^ 
15 'cvclohexvlethvlVmorpholine-4-carboxvlic acid tert-butvl ester 

Add 20% palladium hydroxide on carbon (Pearlman's catalyst) (232 mg) to a 
solution of 5<R)-[l-(S)-benzyloxy-2-(S)-diben^^ 

2-(S)-(2-cyclohexylethyl)-morpholine-4-carboxylic acid tert-butyl ester (232 mg, 0.31 
mmol) in methanol (5 mL). Stir under 1 atmosphere of hydrogen gas at room temperature 
20 overnight, filter through a pad of Celite® and concentrate to give the desired compound 
as a colorless oil which is used directly without further purification (138 mg, 93%). 
MS (ES): m/z = 483.3 [M+H] 

5-qQ-f2-fS>Acetylammo-3^ 

25 cvclohexvlethvlVmorpholine-4»carboxvlic acid tert-butvl ester 

Add triethylamine (0.04 mL, 0.32 mmol) followed by acetic anhydride (0.03 mL, 
0.32 mmol) to a solution of 5-(R)-[2-(S)-amino-3-(3,5-difiuorophenyl)-l-(S)- 
hydroxypropyl]-2-(S)-(2-cyclohexylethyl)-morpholine-4-carboxylic acid tert-butyl ester 
(138 mg, 0.29 mmol) in dry tetrahydrofuran (3 mL). Stir at room temperature for 10 min. 

30 Dilute with dichloromethane, wash with 0.1 N hydrochloric acid (30mL), dry (sodium 
sulfate), filter, concentrate and purify (silica gel chromatography, eluting with 45:55 to 
70:30 ethyl acetate:dichloromethane) to give the title compound (57mg). 
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MS(ES): m/z = 547.2 [M+Na]. 

The compound of Preparation 206 may be prepared essentially as described in 



Preparation 228 using toluene-4-sulfonic acid (S)-2-hydroxy-4rphenylbutyl ester. 



Prep 


Compound 


MS(ES) 


205 


(2S ? 5R)-54(lS,2S)-2-Acetylamino-3-(3 s 5-difluoropIienyl)-l- 
hydroxypropyl]-2-phenethylmorpholine-4-carboxylic acid tert-butyl 
ester 


5413 
[M+Na] 



5 



Preparation 207 

5-(R)-(2-(S)-Ace1ylammo-l -(^^ 

morpholine-4-carboxylic acid tert-butyl ester 
l-fl-fl^Vben2^1oxvmethvl-2-hvd^ 
10 Dissolve (R)-(+)-2-amino-3-benzyloxy-l-propanol (317 mg, 1.75 mmol) and 2- 

(S)-(2-cyclohexylethyl)-oxirane (270 nig, 1.75 mmol) in absolute ethanol (8 mL) and heat 
at 80 °C in a sealed glass pressure vessel overnight. Concentrate and purify (silica gel 
chromatography, eluting with 8:92 to 10:90 methanolidichloromethane) to give the 
desired compound (336 mg, 57%). 
15 MS (ES): m/z = 336.2 [M+H] 

f2-Qil>benzyloxv-l-hvdroxvm 
acid tert-butvl ester 

Dissolve 1 -( 1 -(R)-benzyloxymethyl-2~hy droxyethylamino)-4-cyclohexylbutan-2- 
20 (S)-ol (292 mg 9 0.87 mmol) in dry tetrahydrofuran (5 mL) and cool to 0 °C. Add 

diisopropylethylamine (0.26 mL, 1.48 mmol) followed by di-tert-butyl dicarbonate (0.26 
mL, 1.13 mmol) and stir at the same temperature for 3 hours. Remove ice bath and stir 
30 minutes. Concentrate, dilute with ethyl acetate, wash with cold 0.1 N hydrochloric 
acid, dry (sodium sulfate), filter and purify (silica gel chromatography, eluting with 
25 2.5:97.5 to 6:94 methanohdichloromethane) to give the desired compound (325 mg, 
86%). 

MS(ES): m/z = 458.3 [M+Na] 
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5-(SVbenzvloxvmethvl-2-(S>(2-cycfo^ acid tert- 

butvl ester 

Add tri-n-butylphosphine (037 mL, 1.49 mmol) and l,r-azobis(N,N- 
dimethylformamide) (diamide) (257 mg, 1.49 mmol) to a solution of (2-(R)-ben2yloxy-l- 
5 hydroxymethylethyl)-(4-cyclohexy^ acid tert-butyl ester 

(325 mg, 0.75 mmol) in dry tetrahydrofuran (4mL). Stir at room temperature for 3 hours, 
filter, dilute with ethyl acetate, wash with 0.1 N hydrochloric acid/saturated aqueous 
sodium chloride (50 mL), dry (sodium sulfate), filter, concentrate and purify (silica gel 
chromatography, eluting with 0.1% to 3:97 methanol:dichloromethane) to give the 
10 desired compound as a colorless oil (215 mg, 69%). 
MS(ES): m/z = 318.3 (M-BOC) " 

2-rSVr2-Ovclohexvle1hvlV5-(S>"hv(koxvmethvlmomholine-4-carboxv acid tert-butvl 
ester 

15 Add 20% palladium hydroxide on carbon (Pearlman's catalyst) (92 mg) to a 

solution of 5-(S)-benzyloxymethyl-2-(S)-(2-cyclote 

acid tert-butvl ester (211 mg, 0.51 mmol) in absolute ethanol (25 mL) and hydrogenate in 
a Parr shaker at 40 °C for 1 8 hours at 60 psi. Filter and concentrate to give the desired 
compound which is used without further purification. 
20 MS (ES): m/z = 350.3 [M+Na] 

2-(SVr2-CvclohexvlethvlV5-(RVformvlmorpholine-4-carboxvlic acid tert-butvl ester 

Dissolve 2-(S)-(2-cyclohexylethyl)-5-(S)-hydroxymethylmorpholiQe-4-COT 
acid tert-butvl ester (165 mg, 0.50 mmol) in dimethylsulfoxide (2 mL), and cool to 10°C. 
25 Add triethylamine (0.28 mL, 2.02 mmol) followed by pyridine sulfur trioxide complex 
and stir for 30min. Dilute with ethyl acetate and pour into cold water. Wash with 5% 
citric acid (50mL), saturated aqueous sodium chloride (50mL) and dry (sodium sulfate), 
filter and concentrate give the desired compound as an oil which is used without further 
purification. 

30 

2(SVf2-Cvclohexylethviy5-fRyq-fl^ 
4-carboxvlic acid tert-butvl ester 
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Add l-phenyl-2-nitroethane (91 mg, 0.61 mmol) to a solution of 2-(S)-(2- 
cyclohexylethyl)-5-(R)-foimyl^ acid tert-butyl ester (164 mg ? 

0.50 mmol) in dry tetrahydrofuran (6 mL). Cool to 0 °C and add tetrabutylatnmoniiun 
fluoride (0.25 mL of a 1 M solution in tetrahydrofuran, 0.25 mmol) and refrigerate the 
5 solution overnight. Dilute with ethyl acetate, wash with cold saturated aqueous sodium 
chloride (50mL), dry (sodium sulfate), filter, concentrate and purify (silica gel 
chromatography, eluting with 2.5:97.5 ethyl acetaterdichloromethane) to give the desired 
compound as a white foam (152 mg, 63%). 
MS (ES): m/z = 499.2 [M+Na] 

10 

5-ffO-f2-rSVAmino-l-fSVhvdro^ 
morpholine-4-carboxvlic acid tert-butvl ester 

Dissolve 2(S)-(2-cyclohexylethyl)-5-(R)-(l -(R)-hydroxy-2-(S)-nitro-3- 
phenylpropyl)-morpholine-4-carboxylic acid tert -butyl ester (152 mg ? 0.32 mmol) in 

15 methanol (5 mL), and place in a room temperature oil bath. Add dry nickel (II) chloride 
(62 mg 9 0.48 mmol) followed by sodium borohydride (30mg, 0.80 mmol). After 3 
minutes add a second portion of sodium borohydride (30 mg, 0.80 mmol). Quench with 
water (1 mL) then 0.1 N sodium hydroxide (3 mL). Dilute with ethyl acetate and extract 
(3 x 30 mL). Wash the combined extracts with saturated aqueous sodium chloride, filter 

20 through a pad of Celite®, dry (sodium sulfate) and concentrate to give the desired 

compound as a white solid which is used without further purification (140 mg 5 99%). 
MS (ES): m/z = 447.5 [M+H] 

5-(Tl>f2-rSyAc etYlamiTio- M^ 

25 moTpholine-4-carboxvlic acid tert-butyl ester 

Dissolve 5-(R)-(2-(S)-amino- 1 -(S>hydroxy-3-phenylpropyl)-2-(S)-(2- 
cyclohexylethyl)-morpholine-4-carboxylic acid tert-butyl ester (140 mg 5 0.31 mmol) in 
dry tetrahydrofuran (3 mL). Add triethylamine (O.OSmL, 0.35 mmol) followed by acetic 
anhydride (0.03 mL, 0.35 mmol) and stir at room temperature for 1 hour. Dilute with 

30 dichloromethane, wash with 0.1 N hydrochloric acid/saturated aqueous sodium chloride 
(30mL) :> dry (sodium sulfate), filter, concentrate and purify (silica gel chromatography, 
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eluting with 40:60 to 60:40 ethyl acetate:dichloromethane) acetate/dichloromethane to 
give the title compound (83 mg, 54%). 
MS (ES): m/z = 51 1.2 [M+Na] 

5 Preparation 208 

2-(Ethylmethylcarbamoyl)-cyclopropane carboxylic acid 
trans-Cyclopropane-l J2-dicarboxvlic acid monoethvl ester 

Add a solution of sodium hydroxide pellets (0.501 g, 12.5352 mmol) in methanol 
(5.22 mL) to a solution of diethyl (E)-cyclopropane-l,2-ch^arboxylate (3.00 mL 5 16.1 1 
1 0 mmol) in acetone (36.9 mL). Stir at room temperature for 24 hours. Acidifiy the aqueous 
layer with 5N hydrochloric acid and concentrate. Slurry the residue with ethyl acetate, 
filter away the sodium chloride and concentrate to give the crude desired compound. 

trans-2-(Methvlpropvlcarbamovl)--cvclopropane carboxvlic acid ethyl ester 
15 Add 1-hydroxybenzotriazole (HOBT) (1.46 g, 10.8118 mmol), l-(3- 

dime1hylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (2.07 g 5 10.8118 
mmol) to a solution of crude tans-cyclopropane- 1,2-dicarboxylic acid monoethyl ester 
(1.71g, 10.81 18 mmol) in N ? N^iimethylfonnamide (1 1 mL). Stir for 30 minutes. Add 
triethylamine (2.26 mL 5 16.2177 mmol) and methylpropylamine (1.11 mL, 10.8118 
20 mmol) and stir for 16 hours. Quench with 10% aqueous potassium carbonate (10 mL) 
and extract with ethyl acetate (3 x 50 mL). Combine the organic extracts, wash with 0.1 
N aqueous citric acid (30 mL) and 1 N lithium chloride, dry (magnesium sulfate), 
concentrate and crystallize with xylenes to give the desired compound (1 .02 g, 50%). 

25 trans-2-nvtethvlpropvlcarbamovD-cvclopropane carboxvlic acid 

Add 1 N lithium hydroxide (25.6 mL, 25.59 mmol) to a solution of trans -2- 
(methylpropylcarbamoyl)-cyclopropane carboxylic acid ethyl ester (1.02 g, 5.1194 mmol) 
in tetrahydrofuran (30 mL). Stir vigorously for 2 days at room temperature. Concentrate 
and treat with water (50 mL) and extract with diethyl ether (50 mL). Acidify the aqueous 

30 layer with 1 N hydrochloric acid (26 mL) and extract with diethyl ether (3 x 125 mL). 
Combine the organic extracts, dry (magnesium sulfate) and concentrate to give the title 
compound as a racemic mixture (0.84 g, 89%). 
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The compounds of Preparations 209-212 may be prepared essentially as described 
in Preparation 208 using fumaric acid and mesaconic acid. 



Prep 


Compound 


209 


(E)-3-Dipropylcarbamoyl-2~methylacrylic acid 


210 


(E)-3-Dipropylcarbamoylacrylic acid 


211 


(E)-2-Methyl-3-(methylpropylcarbamoyl)-acrylic acid 


212 


(E)-3-Dimethylcarbamoyl-2-methylacrylic acid 



5 Preparation 213 

(2R,5R)-5-[(lS,2S)-2-Acetylamino-3^^ 

phenoxymethyl-morpholine-4-carboxylic acid tert-butvl ester 
(RV2-phenoxvmetb.vl-oxirane 

Add phenol (1.089 g, 11.572 mmol) to a slurry of sodium hydride (0.347 g, 
10 14.465 mmol) in N,N-dimethylforamide (77.1 mL) and stir at room temperature for 40 
minutes. Add 3-nitrobenzensulfonic acid (R)-l-oxiranynmethyl ester (3.00 g, 1 1.572 
mmol) and stir at room temperature for 16 hours (J. Org. Chem., 54, 1296-1304 (1989). 
Quench with saturated aqueous ammonium chloride (75 mL), dilute with water (75 mL) 
and extract with diethyl ether (3 x 300 mL). Combine the organic extracts, wash with 
15 saturated aqueous sodium bicarbonate (200 mL), saturated aqueous ammonium chloride 
(200 mL), dry (magnesium sulfate), filter and purify (silica gel chromatography, eluting 
with 10:90 to 50:50 ethyl acetate rhexane s) to give the desired compound as a clear liquid 
(1.410 g, 81.1%). 
GC-MS - 150 [M] 

20 

qiL3R.43>3-benzvloxy-4-dite 
phenoxvpropvlaminoVpentan-1 -ol 

Add (R)-2-phenoxymethyl-oxirane (0.189 g, 1.258 mmol) to a solution of 
(2R,3R^4S)-2-amino-3-benzyloxy-4-dibenzylamino-5-(3 5 5-difl 
25 (0.205 g, 0.434 mmol) in ethanol (2.1 mL). Heat in a sealed vessel at 80 °C overnight. 

Concentrate and purify (silica gel chromatography, eluting with 1-1.5% 2 M ammonia in 
methanol/dichloromethane) to give the desired compound as a clear semi-solid (0.165 g, 
56.9%). 
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MS(ES): m/z = 668.0 [M+H] 

(lR,2S3SVr2-beDCTloxv-3-dibgnzvlamino-4-r3,5-difluorop 

hvdroxvmethvlbuM acid tert-butyl ester 

5 Add di-tert-butvl dicarbonate (0.059 g, 0.271 mmol) and diisopropylethylamine 

(0. 1 7 1 mL, 0.984 mmol) to a solution of (2R 3 3R ? 4S)-3-benzyloxy^-dibenzylainino-5- 
(3,5-difluorophenyl)~2-((R)-2-hydr^^ (0.127 g, 

0.246 mmol) in tetrahydrofuran (1 .23 mL). Stir at room temperature overnight, add more 
di-tert-butvl dicarbonate (0.1 18 g) and stir for 2.5 days. Quench with water (20 mL), 
1 0 extract with ethyl acetate (1 00 mL), wash with water (30 mL), saturated aqueous sodium 
chloride (30 mL), dry (magnesium sulfate), filter and purify (silica gel chromatography, 
eluting with 15:85 to 30:70 ethyl acetaterhexanes) to give the desired compound as a 
white foam (0.074 g, 39%). 
MS (ES): m/z = 768.0 (M+H] 

15 

flO-5-r(lR.2S3SVl-benzyloxY-2-diben^ 

phenoxvmethylmorpholine-4-carboxvlic acid tert-butyl ester 

Dissolve (1 R,2S,3 S)-[2-benzyloxy-3-dibenzylamino-4-(3 ,5-difluorophenyl)-l - 

hychoxyme&ylbutyl]-(R)^ acid text-butyl ester 

20 (0.074 g, 0.096 mmol) in dry benzene (0.96 mL). Add tributylphosphine (0.029 g, 0.144 

mmol), N,N-tetramethyl azodicarboxamide (0.025 g, 0.144 mmol) and more benzene (2 

mL) to facilitate stirring. Stir at room temperature for 2 hours, concentrate and purify 

(silica gel chromatography, eluting with 10:90 to 15:85 ethyl acetate:hexanes) to give the 

desired compound as a white foam (0.032 g, 44.7%). 
25 MS (ES): m/z = 750.0 [M+H] 

(2R. 5RVf 5-f (1 S,2SV2-Amino-3-f 3 ,5-difluorophenvlVl -hvdroxvpropvri-2- 
phenoxvmethvl-morpholine-4-carboxvlic acid tert-butvl ester 

Add 20% palladium hydroxide on carbon (0.032 g) to a solution of (R>5- 
30 [(lR^S,3S)-l-benzylpxy-2-dibenz 

phenoxymethylmorpholine-4-carboxylic acid tert -butyl ester (0.032 g, 0.043 mmol) in 
ethanol (0.43 mL). Stir vigorously under one atmosphere of hydrogen gas for 40 hours. 
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Filter through a filtering agent, wash with ethanol and concentrate to give the desired 
compound. 

f2R.5R)-5-raS.2SV2-AceMammo^ 
5 phenoxvmethylmorpholine-4-carboxvlic acid tert-butyl ester 

Add triethylamine (0.009 mL, 0.066 mmol) and acetic anhydride (0.004 niL, 
0.044 mmol) to a solution of (2R, 5R)-(5-[(lS ? 2S)-2-amino-3-(3,5-difluorophenyl)-l- 
hydroxypropyl]-2-phenoxymethyl-morpholine-4»carboxylic acid tert-butyl ester (0.021 g, 
0.044 mmol) in tetrahydrofuran (0.44 mL) and stir at room temperature for 1 hour. 
10 Concentrate and purify (silica gel chromatography, eluting with 50:50 to 60:40 ethyl 
acetate:hexanes) to give the title compound as a white foam (0.010 g, 45.5%). 
MS (ES): m/z= 519.0 [M-H] 



Preparation 214 
. 15 (R)-5-[2-(S)-Acetylammo-3-(3^ 

hydroxymethylmorpholine-4-carboxylic acid tert-butyl ester 
f2R3R^4Sy3-benzvloxv-2-f3-beDzvloxv^ 
(3 ,5-difluorophenvl>-pentan- 1 -(R)-ol 

Dissolve (2R^3R,4S)-2-aminO"3-benzyloxy^-dibenzylamino-5-(3 ? 5- 
20 difluorophenyl)-pentan~l-ol (7.440 g, 14.401 mmol) in ethanol (72 mL). Add (R)-2- 
benzyloxymethyl-oxirane (4.257 g, 25.921 mmol), flush with nitrogen and heat in a 
sealed vessel at 80 °C for 16 hours. Concentrate and purify (silica gel chromatography, 
eluting with 1 .3% to 1 .7% 2 M ammonia in methanol/dichloromethane) to give the 
desired compound as a clear semi-solid (7.520 g, 76.7%). 
25 MS (ES): m/z « 68L5 [M+H] 



r2S3Syr2-benzvloxv-3-dibenzvlamm 

hvdroxvmethvlbutvl]-f fRV3>benzvloxv-2-hvdroxvpropvlVcarbamic acid tert-butvl ester 
Add di-tert-butvl dicarbonate (2.649 g, 12.150 mmol) and diisopropylethylamine 
30 (3.84 mL, 22.090 mmol) to a solution of (2R,3R,4S)-3-benzyloxy-2-<3-benzyloxy-2« 
hydroxypropylamino)-4-dibenzylam (7.52 g, 

1 1 .04 mmol) in tetrahydrofuran (55 mL) and heat at 50 °C for 2 days and stir at room 
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temperature for 2.5 days. Quench with water (175 mL), extract with ethyl acetate (800 
mL), dry (magnesium sulfate), filter and purify (silica gel chromatography, eluting with 
20:80 to 40:60 ethyl acetate:hexanes) to give the desired compound as a white foam (5.32 
g,61.7°/o). 
5 MS (ES): m/z = 781.7 [M+H] 

( 1 S.2S V 5-fRVn -benzvloxv-2-dibenCTla™ino-3^^ 
benzvloxvmethvlmorpholine-4-carboxvlic acid tert-butvl ester 

AddN,N-tetrametbyl azodicarboxamide (TMAD) (1.753 g, 10.180 mmol) and 
1 0 tributylphosphine (2.540 mL, 10.180 mmol) to a solution of (2S,3 S)-[2-benzyloxy-3 - 
dibenzylamino^-(3,5-difluorophenyl)-(R)-l-hydroxymeih 

hydroxypropyl)-carbamic acid tert-butvl ester (5.300 g, 6.787 mmol) in benzene (34 mL) 
and stir vigorously for 1.5 hours. Filter the slurry, wash with hexanes, concentrate and 
purify (silica gel chromatography, eluting with 05:95 to 20:80 ethyl acetate:hexanes) to 
15 give the desired compound as white foam (4.750 g, 91 .7%). 
MS (ES): m/z = 763 .5 [M+H] 

flR.V542-rS>Ammo-3-G«5-difl^^ 

hvdroxvmethvlmorpholine-4-carboxvlic acid tert-butvl ester 

20 Dissolve (13,2S)-5-(^)-[l-benzyloxy-2-diben^ 

propyl] -2-(R)-ben2yloxymeth^ acid tert-butvl ester (4.750 g, 

6.226 mmol) in ethanol (63 mL) and add 20% palladium hydroxide on carbon (4.750 g). 
Stir under one atmosphere of hydrogen gas for 42 hours, flush with nitrogen, dilute slurry 
with ethanol (175 mL), filter through a filtering agent, wash with ethanol and concentrate 

25 to give the desired compound (2.213 g, 88.3%). 
MS (ES): m/z = 403.3 [M+H] 

fRV5-r2-rS)-Acetvlamino-3-(3.5>-difluorophenvlV 1 -fSVhvdroxvprot)vl1-2-fRy 
hydroxvmethvlmorpholine-4-carboxvlic acid tert-butvl ester 
30 Add triethylamine (0.623 mL, 4.473 mmol) and acetic anhydride (0.281 mL, 

2.982 mmol) to a solution of (R)-5-[2-(S)-amino~3-(3,5-difluorophenyl>l-(S> 
hydroxypropyl]-2-(R)-hydro acid tert-butvl ester (1.20 



WO 2006/034093 



PCT/US2005/033277 



-96- 

g, 2.982 mmol) in tetrahydrofuran (30 mL). Stir at room temperature for 45 minutes, 
concentrate and purify (silica gel chromatography, eluting with 6:94 to 9:91 
methanobdichloromethane) to give the title compound as a white foam (0.906 g, 68.4%). 
MS (ES): m/z = 4453 [M+H] 

5 

Preparation 215 

(^>5-[2<S)-Acetylamino-3-(3 : ,5-difluorophenyl)- 1 -(S>hydroxypropyl]-2-(R)-2- 
fluorophenoxymethyl)-morpholine-4-carboxylic acid tert-butvl ester 
Dissolve (R>5-[2-(S)-acetylamino-3-(3,5-d^ 
10 2-(X)-hydroxymethyhnorpholine-4-carboxylic acid tert-butvl ester (0.040 g, 0.090 
mmol) in acetonitrile (1.0 mL). Add diisopropyl azodicarboxylate (DIAD) (0.100 g, 
0.495 mmol), then triphenylphosphine (0.130 g, 0.495 mmol) and 2-fluorophenol (0.050 
g, 0.450 mmol). Stir at room temperature for 2 days and heat to 50 °C for 2 days, 
concentrate and purify twice (silica gel chromatography, eluting with 25:75 to 75:25 ethyl 
15 acetate:dichloromethane, then 1% to 3% methanol/dichloromethane) to give the title 
compound (0.005 g, 10.3%). 
MS (ES): m/z = 537.3 [M-H] 

The compound of Preparations 2 1 6-2 1 7 may be prepared essentially as described 
20 in Preparation 215 using 3 ' -hydroxyacetophenone or 4'-hydroxyacetophenone. 



Prep 


. . Compound 


MS(ES) 
[M+Hl 


216 


(2R,5R)-5-[(lS,2S)^2-Acetylamino-3-(3,5-difluorophenyl)-l- 
hydroxypropyl]-2-(3-acetylphenoxymethyl)-morpholine-4-carboxylic 
acid tert-butvl ester 


563.3 


217 


(2R,5R)-5-[(lS,2S)-2-Acetylammo-3- 
hydroxypropyl]-2-(4-acetylphenoxym 
acid tert-butvl ester 


563.4 



Preparation 218 

(2R,5R>5-[(1 S,2S)-2-Acetylamino-3-(3,5-difluorophenyl)-l -hydroxypropyl]-2- 
cyclohexyloxymethylmoipholine-4-carboxylic acid tert-butvl ester 
25 (RV2-Cvclohexvloxvmethvl-oxirane 
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In two separate runs, dissolve (R)-2-phenoxymethyl-oxirane (1.410 g, 9.389 
mmol) in tetrahydrofuran (50 mL), Add 5% ruthenium on carbon (0.71 g) and 
hydrogenate at 60 psi of hydrogen gas for 40 minutes. Filter through a filtering agent, 
wash with tetrahydrofuran, concentrate and purify (silica gel chromatography, eluting 
5 with 5:95 to 30:70 ethyl acetate rhexanes) to give the desired compound as a clear liquid 
(0.850 g, 57.9% combined yield). 

f2R.3R.4SV3-benzyloxy-2-((TO-3^ 
dibenzvlainino-5-f3.5-difluorophenvn-rientan-l-ol 
1 0 Add (R)-2-cyclohexyloxymethyl-oxirane (0.688 g, 4.402 mmol) to a solution of 2- 

amino-3-(R)-benzyloxy-4-(S)-dft^ 

(1.300 g, 2.75 1 mmol) in ethanol (13.76 mL). Flush with nitrogen and heat in a sealed 
tube at 80 °C overnight Concentrate and purify (silica gel chromatography, eluting with 
1.3% to 1.8% 2 M ammonia in melhanoydicUoroinetharie) to give the desired compound 
15 as a yellow semi-solid (1.140 g, 61 .6%). 
MS (ES): m/z = 673.6 [M+H] 

\( 1 R.2S.3 S V2-benzvloxv-3-dibenzvlamino-4-(3 .5-difluorophenvlV 1 -hvdroxvmethvl- 
butvn-rrRV3-cvclohexvloxv-2-hvdroxvpropvlVcarbamic acid tert-butyl ester 

20 Dissolve (2R,3R,4S)-3-benzyloxy-2-((R)-3-cyclohexyloxy-2- 

hydroxypropylamino)-4-diben2ylamm^ (1.140 g, 

1.694 mmol) in tetrahydrofuran (8.5 mL) followed by the addition of di-tert-butyl 
dicarbonate (0.406 g, 1.864 mmol) and diisopropylethylamine (0.589 mL, 3.389 mmol). 
Heat to 50 °C for 2.5 days, quench with water (60 mL), extract with ethyl acetate, dry 

25 (magnesium sulfate) and purify (silica gel chromatography, eluting with 20:80 to 40:60 
ethylacetate:hexanes) to give the desired compound (0.948 g, 72.4%). 
MS (ES): m/z = 773.6 [M+H] 



f2R.5RV5-fa S.2SV 1 -benzvloxv-2-dibenzvlamino-3-r3.5-difluorophenvn-pronvll-2- 
30 cvclohexvloxvmethvl-morpholine-4-carboxvlic acid tert-butvl ester 

Dissolve [(1 R,2S,3 S)-2-benzyloxy-3 -dibenzylamino-4-(3 ,5-difluorophenyI)- 1 - 
hydroxymethyl-bxityl]-((R)-3-cyclohexyloxy-2-hydroxypropyl)-carban^ acid tert-butyl 
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ester (0.940 g, 1 .216 mmol) in benzene (6 mL) followed by the addition of 
tributylphosphine (0.369 g, 1.824 mmol) and N,N-tetramethyl azodicarboxamide 
(TMAD) (0.3 14 g, 1.824 mmol). Stir vigorously for 16 hours, filter the slurry, wash with 
hexanes and purify (silica gel chromatography, eluting with 5:95 to 15:85 ethyl 
5 acetate:hexaaes) to give the desired compound as a white foam (0.777 g, 84.7%). 
MS (ES): rnfz = 755.6 [M+H] 

r2R.5RV5-raS.2SV2-Amino-3-r3.5-d^^ 

cvclohexvloxvmethvlmorpholine-4-carboxvlic acid tert-butvl ester 
1 0 Add 20% palladium hydroxide on carbon (0.772 g) to a solution of (2R,5R>5- 

[(1 S,2S)-l-ben2yloxy-2-diben2yla^ 

cyclohexyloxymethyl-morpholine-4-carboxyKc acid tot-butyl ester (0.772 g, 1.023 
mmol) in ethanol (10.2 mL). Stir vigorously under 1 atmosphere of hydrogen gas for 60 
hours. Filter through a filtering agent, wash with ethanol and concentrate to give the 
15 desired compound (0.481 g 5 97.1%). 
MS (ES): rnfz - 485.4 [M+H] 

(2R.5RV5-raS.2S)-2-Acetylai^ 

cyclohexvloxvme1hvlmorpholine-4--carboxvlic acid tert-butvl ester 

20 Dissolve (2R,5R)-5-[(lS,2S)-2-ammo-3-(3,5^ 

2-cyclohexyloxymethylmorpholine-4-carboxylic acid tert-butvl ester (0.240 g 5 0.495 
mmol) in tetrahydrofuran (5 mL) and cool to 0 °C. Add triethylamine (0.104 mL, 0.743 
mmol) and acetic anhydride (0.047 mL, 0.495 mmol) and stir for 90 minutes. 
Concentrate and purify (silica gel chromatography, eluting with 2:98 to 3:97 

25 methanol:dichloromethane) to give the title compound as a white foam (0.209 g, 80.1%). 
MS (ES): m/z = 527.4 [M+H] 



Preparation 219 
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(2R,5R>2-tyclohexyloxymethyl-5-K^^ 
dipropylcarbamoyl-2-methylacryloylamino)- 1 -hydroxypropyl]-morpholine-4-carboxylic 

acid tert-butyl ester 

5 Dissolve (E)-3-dipropylcarbamoyl-2-methylacrylic acid (0.029 g, 0.134 mmol) in 

dichloromethane (1.3 mL). Add 1^3-dimethylaminopropyl)-3-ethylcarbodiim 
hydrochloride (EDCI) (0.028 g, 0.148 mmol) then 1-hydroxybenzotiiazole (HOBT) 
(0.023 g, 0.148 mmol). Stir at room temperature for 30 minutes. To this sirring solution 
add (2R,5R)-5-[(lS£S)-2-an^ 

10 oxymethylmorpholine-4-carboxylic acid tert-butyl ester (0.065 g, 0.134 mmol) in 
dichloromethane (1.5 mL). Stir for 2.5 hours, quench with 10% aqueous potassium 
carbonate (20 mL), and dilute with dichloromethane (75 mL). Extract the organic layer, 
wash with 5% aqueous citric acid (25 mL), saturated aqueous sodium chloride (30 mL), 
dry (magnesium sulfate) and purify (silica gel chromatography, eluting with 30:70 to 

1 5 70:30 ethyl acetate:hexanes) to give the title compound as a white foam (0.041 g, 45.2%). 
MS (ES): m/z = 680.6 [M+H] 

The compounds of Preparations 220-286 may be prepared essentially as described 



in Preparation 2 1 9. 



Prep 


Compound 


MS(ES) 
[M+H] 


220 


(2R,5R)-2-Cyclohexylmethoxy-5-{(lS,2S)-3-(3,5-difluorophenyl)-2- 
[(E)-3-(dipropylcarbamoyl)-acryloylamino] - 1 -hydroxypropyl} - 
morpholine-4-carboxylic acid tert-butyl ester 


665.5 


221 


(2R,5R)-2-Cyclohexylmethoxy-5-[(lS^S>3-(3,5-difluorophenyl)-l- 
hy ckoxy-2-(3,3 ,3 -trifluoropropiony^ 
carboxylic acid tert-butyl ester 


593.3 


222 


(2R,5R)-2-Cyclohexylmethoxy-5-[(lS,2S)-3-(3,5-difluorophenyl)-2- 
((E)-3-dimethylcarbamoyl-2-methylacryloylamino)- 1 - 


624.4 
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hydroxypropyl]-morpboline-4-carboxylic acid tert-butyl ester 






(2R,5R)-2-Cyclohexylmethoxy-5-{(l S,2S)-3-(3,5-difluorophenyl)-l - 

h vH Tfwv- 9 — F C\+\ -0 -Tn fith vl - ^ - f m p.tVi vl nt* nrvvl r s» rVi a m n vl i - 

JU.Jf 14JL vAJ ^ [_^X-// ^» XXL^UXyx. — ' \XXLt>llXj' J^XVL/yXLv«l UCltJiU J*-J 

aciyloylarnino]-r#opyl}-moi^^ acid tert-butyl ester 


652.5 


224 


(2R,5R)-2-Cyclohexyta^ 

( CV*\- ^ S -H i m etVivl -4- ovoTi -en o vl am i n'n^- 1 -Vi vHrn"wnrr»T>vl 1 - 

morpholine-4-carboxylic acid tert-butyl ester 


621.3 
[M-H] 


225 


(2R,5R)-5-[(l S,2S)-3-(3,5-Difluorophenyl)-l -hydroxy-2-((E)-4,4,4- . 

tri fl n ornhi ovlamin o V"oroo vll - r l-( 0. 9 -Him eth vl nronoxvl - 
morpholine-4-carboxylic acid tert-butyl ester 


579.2 
[M-H] 


226 


(21^5R)-2-Cyclohexylmethoxy-5-((l S,2S>3-(3,5-difluorophenyl)-l - 

Viv/ityyw-*}— / r+mtiQ— 1 -( Tti^tnvli^TnTivlf'yi'rKfiTnovl^- 

cyclopropanecarbonyl]-aiiiino}-propyty^ acid 
tert-butyl ester-Isomers 1 and 2 


652 5 
652.5 


227 


Of? ^T? 4— Hi fliinro-^-rnpfbvlliiaritjinnvlnTnirinV^-/'^ 

Jv 5 J O ? JXV J— ->** J_^.— ^*T 5 *T— LX111 IXU1 U— U-JX1C 1X1 Jr XULC U talXKJ y Xd.1 1 1 1 11U y -J V.-^ ? 

difluorophenyl)- 1 -hydroxy-propyl]-2-(2,2-dimethylpropoxy)-3- 
methylmorpholiiie-4-carboxylic acid tert-butyl ester 


635.5 


228 


^ZrJLV-, Jxv/"^> - L^-^j^-LllXlULlI U-Q-JLLLC III j> JlXCp IdllUy JtcUJ XxIlU ^- J-^-j 9 J" 

difluorophenyl)- 1 -hydros 
morpholine-4-carboxylic acid tert-butyl ester 


621.5 


22Q 


(2R,5RV5-[2-ftrans-f2-fluorome^ 

("X S-rHfln nrn nil pn vl ^- 1 -h vHrn vv-nron vl *7 -rl l m p,fVi vl nrnnnwV 

moipho line -4-carboxy lie acid tert-butyl ester-Isomers 1 and 2 


557.3 
557.3 


230 


(2R,5R)-5- [2-(5 ,5 s 5-1iifluoropentooylainino)-3 -(3 ,5-difluorophenyl)- 
1 -hyciroxy-propyl]-2-(2 5 ^ 

sir»5fl +f»W'_.V\i ptct/a-r 

aXvlLX LCI L U tit Y 1 Cold 


595.4 
[M-H] 


231 


(2R,5R)-5- [2-(4,5 ? 5-1rifluoropent-4-enoylarnino)-3-(3 ,5-difluoro- 
phenyl)- 1 -hyciroxy-propyl]-2-(2 s 2-dimeto^ 
CoxDOxync acxa. len-puiyi esxer 


593.5 
[M-H] 


232 


r2R,5RV5-r2-ftraiis-f2,2-difluorome1xivlcvclopropane^ 
ammo)-3-(3 5 5 -difluoroph^^ 

anneuiyipropoxyy-nioipnoune-^-carDOxyii auia xeri-puiyi esicr- 
Isomers 1 and 2 


575.0 

|_1VA-Xij 


233 


(2R,5R)-5-{2-[^-2-(meiiyl-propyl-carbamoyl)cyclopropanecar- 

KAnvllaTniTirk-^-^ ^-mflnnmr^nPTivl^-l -livHmw-TM*n'nv1 \ »9p.^v 0_ 

uujxy ij ciixxxxiv^ J - ^ j 9 j lllxi ixuxupxicxi y ij - x ixy ux vj Ay pi vjp y x $ ~ 
HiTnetbvlr>rnT^oxv^-TTiOTT>boliTie-4— carhovvlic acid tert-butvl esterr- 
Isomers 1 and 2 


rM_Hl 

L-LVX XXJ 


234 


(21^5R)-5-[2-((2;2-dxfluoro^ 

l-hydroxy-propyl]-2-(2 ? 2-dimetliylpropoxy)-moiph^ 
acid tert-butyl ester 


549.3 
[M-H] 


235 


(2R,5R)-5-[2-((2-fluoropropiony^ 
hydroxy-propyl]-2<2^-clime1iiylp^ 
acid tert-butyl ester-Isomers 1 and 2 


531.2 
[M-H] 


236 


(2R,5R)-5- [2-((4,4 ^trifluorobutyi^ 
1 -hydroxy-propyl]-2-(2^-dta 
acid tert-butyl ester 


605.3 
[M+Na] 


237 


(2R 9 5R)-5-[2^((EM > 4,4-fc^ 


593.3 
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(3 ,5-difluorophenyl)- 1 -hydroxy-propyl]-2-(2,2-dimethylpropoxy)- 
morpholine-4-carboxyIic acid tert-butyl ester 


[M-H] 


238. 


hydroxypropyl]-2-cyclohexylmethoxy^ acid 
tert-butyl ester 


589.38 


239 


(2,2-dimethylpropionylamino)-l^ 
carboxylic acid tert-butyl ester 


569.41 


240 


(nx> ^P\_9-pA7MnVi6»yvliTif»tlinvv-.^-rri ^ 99V3..r3 ^^ifliirirrv-T^ri^iwU-l - 

V^IS-, ^> V-»y WlLMJ.CAyjJJlCliKJAy*-.J-|^l 0 } ^0 ^~J~^J 9 ^~iJJXlUUIO~pilCIiyi J I 

hydroxy-2-isobutyrylaniinopropyl]-m acid 
tert-butyl ester 


555.39 


241 


difluorophenyl)- 1 -hydroxypropyl]-2-cyclohexylmethoxy-rnorpholine- 
4-carboxylic acid tert-butyl ester 


567.51 


242 


carbonylamirio)-3-(3 9 5-difluorophenyl)- 1 -hydroxypropyl]- 
morpholine-4-carboxylic acid tert-butyl ester 


553.46 


243 


^ixj j Jv ^ - z-v^ycioiicxyiincu.iuxy-o- ^io,zo jo - 5 «> -cuiiuoropjiciiyL J i 

hy<froxy-2-[(thiophene-2-carbonyl)-^^ 

carboxylic acid tert-butyl ester 


595.47 


244 


f9"D ST?V7-r , vr1ri'hf*vvlrnf»tVinvv-^-r^1 ^ 9^\-3-f"3 ^-HiflnnrnnVif>T>\/lA-1 - 
l^iv^ Jiy/-.£~v_'y t'luiicAyixucuiuAy- i3 9 z.o j-j-^-7,^-ujLLiuuiupueiiyi j~ l~ 

hydroxy-2-(2-methoxyacetylamino^ 
acid tert-butyl ester 


557.3 


245 


^j^jcv, jx\.y —A/ ^iLfJUwA.yjjjj.cuiiiJAy- j-j 1 1 OjZ>o ) ^* v— * 

cyclopropylacetylarnino)-3-(3,5-difluorophenyl)-l-hy(bo^ 
morpholiDe-4-carboxylic acid tert-butyl ester 


567.56 


246 


(3 ,3 -dimetJiylbutyrylamino)- 1 -hydroxypropyl] -morpholine-4- 
carboxylic acid tert-butyl ester 


583.39 


247 


^x^^js^-^-^ycioDexyiineiJjoxy- j-^id,Zij jo-^ 9 3-cuiiuoropiienyi ) *■ 

hydroxy-2-(3-methoxypropionylamino)^ 

carboxylic acid tert-butyl ester 


571.4 


248 


f9T? ST? ^~9-^\/nlr^ln^^rvlTrrp»tViriYT7-S-r/'1 9Q^ S-HifliirvrriTYhF»ri\/l V9- 

^^jtv, j j\.^~^~v^y 01 uiic Ay jjjllc LULUAy- ^ i j-j-yp? j-uijjiuurupjiciiyi ) 
(3-fluorobenzoylamino)- 1 -hyciroxypropyl]-moiphoIine-4-carboxylic 
acid tert-butyl ester 


607.5 


249 


r2R.5RV2-Cvclohexvlmethoxv-5-rnS 2SV3-(3 5-difhioroDhenvlV-l- 
hyckoxy-2-(3-propoxybenzoylai3iino)-propyl].-morpholine-4- 
carboxylic acid tert-butyl ester 


647.6 


250 


(2R,5R)-2-Cyclobexylmethoxy-5-{(lS 5 2S)-3-(3,5-difluoro-phenyl)-l- 
b^ydroxy-2-[((R)-te1rahydrofuran-2K;arbonyl)-amino]-propyl}- 
morpboIine-4-carboxylic acid tert-butyl ester 


583.5 


251 


(2R,5R)-2-Cyclohexylmethoxy-5-[(lS,2S)-3-(3,5-diiluoropbenyl)-2- 
(2-fluorobenzoylamino)- 1 -hydroxypropyl]-morpholine-4-carboxylic 
acid tert-butyl ester 


607.5 


252 


(2R,5R)-2-Cyclohexyhnet3ioxy-5-[(lS,2S)-3-(3,5-difluorophenyl)-l- 
hydroxy-2-(3-methylbeiizoylanuno)-propyl]-morpholine-4-carboxylic 
acid tert-butyl ester 


603.5 
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octanoylainino-propyl]-2-(2,2-dimethyl-propoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


585.4 


254 


C2R 5HV5-IY1 S 2SVW3 5-T^ifhinro-nhpTiv1V1-.hvrtTOxv-?-f5-TTietW1- 

hexanoylammo)^ 

carboxylic acid tert-butyl ester 


571.56 


255 


OR STCVS-Jn S 2SV3-f3 5-nif1iinrn-nheriv1»-2-IY2 5 - di m eth vl -fiiran - 

^^J-Vjw/JLv^- -J— ^ ^ A U f ^\JJ J ^J ? ^— J^IAAUAJAIJ— ^JLx^lLjr i-Jr Z» L\ ? UIIJIWIU^A JLUXftu 

3-carbonyl)-amino]-l-h^ 
moipholine-4-carboxylic acid tert-butyl ester 


581.45 


256 


hydroxy-propyl]-2-(2,2-dimethy^ 
acid tert-butyl ester 


571.52 


257 


methyl-5-propyl-oc1a-2 5 4-<iienoylamAn^ 
propoxy)-morpholine-4-carboxylic acid tert-butyl ester 


637.69 


258 


^xv, jxv ^"j-^iOy^o } \P j-J -L/ixi uuxo-pixeixy i 1 -uy ux KjA^y-z.- {\±-* J J 

methyl-3 -(metxiyl-propyl-carbarnoyl)-but-2-enoylamiiio] -propyl } -2- 
(2^-dimetxiyl-prorx)xy)-morpholine-4-carboxylic acid tert-butyl ester 


626.59 


259 


\£ jx, jRj" o,Z(0 j"j v- 5 , -xvixi uui o pxiciiy i^- 1 xiy ux uaj -^c L -3 

(methyl-propyl-carbamoyl)-propionylaixxin 
dimetliyl-propoxy)-moiT3holine-4-carboxylic acid tert-butyl ester 


614.7 


260 


OXl ffiV^rnS ^-Tjifliinrn-TihpnvT'i-l-hvfirnvv-?-^^^-?- 

^Z,I\.,JX\.y J'j_^J. O ? .60 y -> , -J - A->1XX IXU1 KJ jJLX\^Hy I J 1 Ilj UIUA.J' /- ^Xj j A," 

methyl-hex-2-enoylaiiAino)-prop v ^^ 
morpholine-4-carboxylic acid tert-butyl ester 


469 7 
[M+l- 

Boq 


261 


hexanoylaoiiiio)- 1 -hydroxy-propyl] -2-(2,2-dimethy] -propoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


599.49 


262 


^xxv ? j-i^ijxuoxo-pucuyi^-^-LJj-^cixxyi-propyi- 

carbamoyl)-propionylaiiaino] - 1 -hydroxy-propyl } -2 -(2,2-dimethyl- 
propoxy)-morpholine-4-carboxylic acid tert-butyl ester 


628.75 


263 


51? VS-FY1 CI 7^-?~Arf*tv1flTnvnri-/}-f3 5-HifliinrrwVhpTivl VI - 

hydroxy-propyl]-2-(l-methyl-cyclopen^ 
carboxylic acid tert-butyl ester 


527.37 


264 


^^AV, JXv y J Jl^l 0 5 Z«0 ^"JJ— ^J,J-1-/1X1UL/HJ -piXCJXj'l j— j.-ixyuiuA.y-z.-^j_j— 

(methyl-propyl-carbamoyl)-lixi^-2-carbonyl]-aE 
diiiiethyl-propoxy)-iiiorpholine-4-carboxylic acid tert-butyl ester 


652.52 


265 


(2R,5R)-5-[(l S ,2S)-3-(3 ,5-Difluoro-phenyl)- 1 -hydroxy-2-(4-methyl- 

r^ntanoylaixiino)-propyl]~2-(2^-(iim 

carboxylic acid tert-butyl ester 


557.43 


266 


(21^5R)-5-[(lS,2S)-3-(3,5~Dm 
4-oxo-heptanoylamino)-propyl]-2-(2,2-<lim 
morpholine-4-carboxylic acid tert-butyl ester 


599.41 


267 


(2R^5R)-5-[(lS,2S)-3-(3,5-m^ 
pentyloxycarbouylariiino-propyl]-2-(2,2-di^ 
morpholine-4-carboxylic acid tert-butyl ester 


517.23 
[M+l-t- 
Bu] 


268 


(2R,5R)-5-[(lS^S)-2-Butoxycarbonylamiuo-3-(3,5-di^ 
1 -hydroxy-propyl]-2-(2,2-dim 


503.30 
[M+l-t- 
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carboxylic acid tert-butyl ester 


Bui 


269 


(2R,5R)-5-[(lS^S)-2-[(5-tert-Butyl-2-memyl-furan-3-carbonyl)- 
ammo]-3-(3,5-dmuoro-phenyl)-l-hydroxy-propyl]-2-(2,2-dimethyl- 
propoxy)-morpholine-4-carboxylic acid tert-butyl ester 


623.46 


270 


(2R,5R)-5-[(l S,2S)-3 -(3 ,5-Difluoro-phenyl)- 1 -hydroxy-2-(4-oxo- 
hexaaoylammo)-propyl]-2-(2,2-dimethyl-propoxy)-morphobjie-4- 
carboxylic acid tert-butyl ester 


571.48 


271 


f2R.5RV5-r('lS.2S'>-3-G.5-Di£luoro-DhenvlVl-hvdroxv-2-frEV3 5 5- 
tiimethyl-4-oxo-hex-2-enoylamino)-propyl]^ 
propoxy)-moipholine-4-carboxylic acid tert-butyl ester 


644.42 


272 


( 2R.5RV5-rf 1 S.2S V3-C3 5-Difluoro-DhenviVl -hvdroxv-2-f (EV2- 
methyl-oct-2-enoylamino)-pmpyl]-2-(2 3 2-dimethyl-prop 
morpholine-4-carboxylic acid tert-butyl ester 


597.5 


273 


PR-5RV5-IY1S 2SV3-G 5-Difluoro-DhenvlV2-n-dinrorjvlcarbamovl- 
propionylainino)-l -hydros 
morphoLine-4-carboxylic acid tert-butyl ester 


642.54 


274 


QR.5RV5-rClS 2SV3-G 5-Difluoro-DhenviV2- 
hexyloxycarbonylainiiio- 1 -hydroxy-propyl]-2-(2 ? 2-dimethyl- 
propoxy)-morpholine-4-carboxylic acid tert-butyl ester 


487.35 
[M+l- 
BOC] 


275 


<2R.5RV5-friS 2SV3-G 5-DLfluoro-DlienvlVl-hvdroxv-2-frEV2- 

methyl-4-oxo-hept-2-enoylai^ 

morpholine-4-carboxylic acid tert-butyl ester 


597.52 


276 


(2R^5R)-5-[(lS ? 2S)-2-(4-Cyclope^ 

difluoro-phenyl)- 1 -hydroxy-propyl] -2-(2, 2-dimethyI-propoxy)- 
moipholine-4-carboxylic acid tert-butyl ester 




277 


(21^5R>5-I(lS ? 2S)-3-(3 ? 5-Difluoro-phenyl)-2-(5,5-dim 
hexanoylamino)- 1 -hydroxy-propyl]-2-(2,2-drmethyl-propoxy)- 
moipholine-4-carboxylic acid tert-butyl ester 


585.44 


278 


(2R,5R)-5-[(lS 5 2S)-3-(3,5-Difl^ 
trimethyl-hept-2-enoyl^ 
morpholine-4-carboxylic acid tert-butyl ester 


611.49 


The compounds of Preparations 279 - 286 may be prepared essentially as 
described in Preparation 98. 


Prep 


Compound 


MS(ES) 
[M+Hl 


279 


(2R,5R)-5- [( 1 S 9 2S)-2-Acetylamino-3 -(3 5 5-difluoro-phenyl> 1 - 

hyciroxy-propyl]-2-(4-m 

morpholine-4-carboxylic acid tert-butyl ester 


543.7 


280 


(2R^5R)-5-[(lS^S)-2-Ace1ylarniTio-3-(3 ? 5-dmuoro-phenyl)-l- 
hydroxy-propyl]-2-(bicyclo[2.2. 1 ]hept- 1 -ylmetboxy)-moipholine-4- 
carboxylic acid tert-butyl ester 


539.4 


281 


(2R,5R)-5-[(lS 5 23)-2-Ace1ylai^ - 
hydroxy-propyl] -2-(l -methyl-cyclopen1ylmet3ioxy)-m 
carboxylic acid tert-butyl ester 


527.37 
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282 


(2R,5R)-5-[(lS } 2S)-2-Acetylaniino-3-(3,5-difluoro-pheaiyl)-l- 
hydroxy-propyl]-2-(3 ,3 3-trifluoro-2-mefhyl-2-trifluoromethyl- 
propoxy)-morpholine-4-carboxylic acid tert-butyl ester 


609.41 


283 


(2R,5R)-5-[(lS,2S)-2-Acetylamino-3-(3,5-difluoro-phenyl)-l- 
hydroxy-propyl]-2-(2,2-dimethyl-butoxy)-mo.rpholiiie-4-carboxylic 
acid tert-butyl ester 


•515.48 


284 


(2R,5R)-5-[(lS J 2S)-2-Acetylamino-3-(3,5-difluoro-phenyl)-l- 
hydroxy-propyl]-2-(2^-dimethyl-pentyloxy)-morpholine-4- 
carboxylic acid tert-butyl ester 




285 


(2R,5R)-5-[(lS^S)-2-Acetylamino-3-(3,5-difluoro-phenyl)-l- 
hydroxy-propyl]-2-(l-phenyl-cyclopentylmethoxy)-morpholiiie-4- 
carboxylic acid tert-butyl ester 




286 


(2R,5R)-5-[(lS,2S)-2-Ace1ylamino-3-(3,5-difluoro-phenyl)-l- 
hydroxy-propyl]-2-(2,2,4-trimethyl-pentyloxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


543.32 



Preparation 287 




(lS£S)~2-Amino-3-(3,5-difluoropte^ 
5 methylmorpholin-3 -yl] -propan- 1 -ol 

(1 S,2S)-2-Amino-3-(3 ,5-difluorophenyl)- 1 - [(3R,5S ? 6R)-6-(2,2-dimethylpropoxy)-5- 

methylmorpholin-3 -yl] -propan- 1 -ol 
1 -bis-(2.2-dimethylpropoxy)-propan-2-one 

Combine pyruvicaldehyde dimethyl acetal (7 mL, 59 mmol), neopentyl alcohol 
10 (12.7 g, 144 mmol), and ^-toluenesulfonic acid monohydrate (0.6 g 9 3.2 mmol) and heat 
for 21 hours at 80 °C. Cool to room temperature and purify (silica gel chromatography 
using deactivated silica gel, eluting with 0:100 to 10:90 ethyl acetate :hexanes) to give a 
yellow liquid (8.0 g). 

*HNMR (400 MHz, CDC1 3 ) 8 4.34 (s, 1H)> 3.32 (d, J = 8.0 Hz, 2H), 3.10 (d, J = 8.8 Hz, 
15 2H), 2.19 (s, 3H), 0.93 (s, 18 H). 

f2R.3R^4SV3-benzvloxv-2-r(SV2,2-bis-r2,2-dimethvlpropoxvVl-^^ 
dibenzvlamino-5-r3.5-difluorophenvlVpentan-l-ol 
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f2R.3R.4SV3-benzvloxv-24raV2^^^ 
(HbeiiCTlamiao-5-r3.5-difluorophenvn--pentaii"l -ol 

Suspend (2R^3I^4S)-2-amino-3-benzyto^ 
difluorophenyl)-pentan-l-ol (2.7 g, 5.2 mmol), l-bis-(2,2-dimethylpropoxy)-propan-2- 
5 one (3.0 g, 13 mmol), pyridinium p-toluene sulphonate (148 mg, 0.59 mmol), and freshly 
activated 3 A molecular sieves (800 mg) in dry toluene (20 mL) under nitrogen and heat 
to reflux for 17 hours. Filter, concentrate, dissolve the the residue in dry methanol (30 
mL) and cool to 0 °C. Add sodium cyanoborohydride (1.28 g, 20 mmol) followed by the 
dropwise addition of glacial acetic acid (0.63 mL, 1 1 mmol). Stir for 15 minutes, then 

10 remove the cooling bath and allow to warm to room temperature. After 45 minutes dilute 
with ethyl acetate and add 2 N sodium hydroxide (25 mL). Stir the mixture for 15 
minutes, separate away the aqueous phase, wash the organic solution with saturated 
aqueous sodium bicarbonate, saturated aqueous sodium chloride solution, dry (sodium 
sulfate), filter and concentrate. Deactivate the silica gel by thorough washes with 3%2M 

1 5 ammonia in methanol/dichloromethane, dichloromethane and then with hexanes. Purify 
(deactivated silica-gel chromatography using deactivated silica gel, eluting with 0:100 to 
20:80 etnyl acetate:hexanes) to give the desired compounds in order of elution: 
(2R,3:MS)-3-ben2yloxy-2-^ 

dibenzylamuio-5T(3,5-difluorophenyl)-pen1^-l-ol (1.19 g, 30 %, MS (ES) 731.5 m/z 
20 [M+H]); followed by (2R,3R,4S>3-beirzyloxy-2-[(S)^ 

methylethylamino]-4-diben^ (1.13 g, 30%, 

MS (ES): m/z = 731.5 [M+H]). 



DibenCTl-fflS.2R>2-benzvloxv-l^ 
25 dimethylpropoxv V 5 -methvlmorpholin-3 -vl] -ethyl > -amine 
Dibenzyl-mS.2RV2-ben^ 

dimethvlpropoxvV5 -methvhnorpholin-3 -vl] -ethvl > -amine 

Add distilled boron trifluoride diethyl etherate (2.8 mL, 22 mmol) dropwise to a 
solution of (2R,3R^4S)-3-benzyloxy-2-[(S)-2,2-bis-(2,2-dimethylpropoxy)-l - 
30 methylethylamino]^-diben^ (5.8 g, 7.9 

mmol) in dry 1,2-dichloroethane (350 mL) under nitrogen and reflux for 1 hour. Cool to 
room temperature and dilute with ethyl acetate and saturated aqueous sodium bicarbonate 
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solution. Shake the mixture vigorously, separate away the aqueous, wash the organic 
solution with saturated aqueous sodium bicarbonate solution (twice) and set aside. 
Combine the aqueous solutions and extract with ethyl acetate (twice). Combine the 
organic extracts, wash with saturated aqueous sodium chloride solution, dry (sodium 
5 sulfate), filter, concentrate and purify (silica gel chromatography using deactivated silica- 
gel, eluting with 0:100 to 10:90 ethyl acetateihexanes) to give in order of elution: 
dibenzyH(lS,2R)-2-ber^ 

dimethylpropoxy)-5-meth^^ (0.36 g, 7%, MS (ES): m/z = 

643 [M+H]); followed by diben2yl-{(lS,2R)-2-benzyloxy-l-(3,5-dmuoroben2yl)-2^ 
10 [(3]^5S 5 6R)-6-(2,2-dimethylpro^ (3.78 g, 

74%, MS (ES): m/z = 643.5 [M+H]) 

DibenzvMaS.2R>2-ber^lo^^ 
dime&vlpropoxv>5-methvlm 
15 Prepare the desired compound essentially as described above starting from 

(2R,3R,4S)-3-beii2yloxy-2-[(R)-2,2^ 
oUbenzylamino-5-(3,5-difluorophenyl)-pentan-l -ol (57%). 
MS (ES): m/z = 643.5 [M+H]) 

20 aS,2S)-2-Amino-3-f3.5-dffluoro^^ 
methvlmorr3holin-3-vlVr3roT>an-l -ol 

Add 20% palladium hydroxide on carbon (679 mg) to a solution of dibenzyl- 
{(lS,2R)-2-benzyloxy-l-(3,5-diflTO^ 

methylmorpholin-3-yl] -ethyl} -amine (284 mg, 0.442 mmol) in absolute ethanol (5 mL) 
25 and stir under 1 atmosphere of hydrogen gas at room temperature for 18 hours. Filter 
through a pad of Celite®, wash thoroughly with ethanol and concentrate to give the 
desired compound as a glass (162 mg, 98%). 
MS (ES): .m/z = 373.3 [M+H] 

30 aS.2S)-2-Airmo-3-r3J-dffiu^ 

methvlmorpholin-3-yll-propan-l -ol 
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Prepare the title compound essentially as described above starting from dibenzyl- 
{(1 S,2R)-2-benzyloxy-l <3,5-dffluoroben2yl)-2-[(^ 
methylmorpholin-3 -yl]-ethyl} -amine (93%). 
■ MS (ES): m/z = 373.3 [M+H] 

5 

The compounds of Preparation 288-294 may be prepared essentially as described 
in Preparation 287. The compound of Preparation 288 may be prepared using 
camphorsulfonic acid instead of boron trifluoride diethyl etherate. The acetals necessary 
for the preparation of compounds of Preparations 289-294 may be prepared essentially as 
10 described in J. Am. Chem. Soc . 78(16), 4161 (1956). 



Prep 


Compound 


288 


(1 S 9 2S)-2-Ammc^3-(3 5 5-difl^^ 

5 -isobutyl-morpholin-3 -y 1] -propan- 1 -ol 


289 


(lS,2S)-2-Amino-l-[(3R,6R)-5-cycto^^ 
morpholin-3-yl]-3-(3,5-difluorophenyl)-propan-l-ol 


290 


(lS,2S)-2-Amino-3-(3,5-dmuorophen^ 
methylcyclopentyhnethoxy)-morpholin-3 -yl] -propan- l-ol 


291 


(lS 9 2S)-2-Amino-3-(3 ? 5-difluorophenyl)-l-[(3R,5S ? 6R)-5-methyl-6-(l- 
methylcy clopropylmethoxy)-morpholin-3 -yl] -propan- 1 -ol 


292 


(lS 5 2S)-2-Amino-3-(3 ? 5-difluorophenyl)-l-[(3R 9 5S > 6R)-6-(2-ethyl-2- 
methylbutoxy)-5-methylmorpholin-3-yl]-propan- 1 -ol 


293 


(1 S 5 2S)-2-Ammo-l-[(3R,5S,6R>6-(2,2K 
yl]-3 -phenylpropan- 1 -ol 


294 


(1 S 3 2S)-2-Amino-3-(3,5-difluoro-phenyl)-l -[(3R,5S ? 6R)-6-(2 3 2-dimethyl- 
propoxy)-5-propyl-morpholin-3-yI]-propan-l-ol 



Preparation 295 
( 1 -Fluorocyclohexyl)-methanol 
Prepare the title compound essentially as described in the literature procedure 
15 Synthesis, 1988, 310-313. 



Preparation 296 
(4-Fluorotetrahydropyran-4-yl)-methanol 
1 .6-Dioxa-spiror2.51octane-2-carbonitrile 
20 Dissolve tetrahydropyran-4-one (5.0 mL, 54.2 mmol) and chloroacetonitrile (3.4 

mL, 53.5 mmol) in tert-butanol (1 mL) and add drop-wise a solution of potassium tert- 
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butoxide (54 mL, 54. mmol, 1 .0 M in tert-butanol) over 20 minutes. Stir for 1 6 hours, 
dilute with water and quench slowly with 1 N hydrochloric acid. Extract with diethyl 
ether (x3). Combine extracts and wash with saturated aqueous sodium chloride solution, 
dry (magnesium sulfate), filter, concentrate and purify (silica gel chromatography, eluting 
5 with 0:100 to 1:1 ethyl acetate:hexanes) to give the desired compound as a light yellow 
oil (4.4g, 59%). 

1 HNMR(400 MHz, CDC1 3 ) 5 3.89-3.87 m (2H), 3.85-3.82 (m, 2H), 3.33 (s, 1H), 2.13- 
2.06 (m, 1H), 1.93-1.79 (m, 2H), 1.62-1.54 (m, 1H). 

10 (4-Fluorotetrahydropyi^-4-vlVhvdroxvacetonitrU 

Dissolvel,6-dioxaspiro[2.5]octane-2-carbonitrile (4.14 g, 29.8 mmol) in dry 
dichloromethane (10 mL) and cool to 0 °C under a nitrogen atmosphere in a 
polypropylene bottle. Add hydrogen fluoride-pyridine (3 mL) dropwise. Allow the 
mixture to slowly warm to room temperature over 3 h and then stir an additional 1.5 

15 hours at room temperature. Pour into ethyl acetate and wash with saturated aqueous 
sodium bicarbonate solution until washes remain basic. Combine the aqueous washes 
and adjust the pH of the solution to ~pH = 8 and extract with ethyl acetate. Combine this 
organic extract with the ethyl acetate solution of the crude reaction mixture and wash with 
saturated aqueous sodium chloride solution, dry (magnesium sulfate), filter and 

20 concentrate to give the desired compound as a yellow oil which is used directly in the 
next reaction. 

(4-Fluorotetrahvdropvran-4-vl)-methanol 

Dissolve (4-fluorotetrahydropyran-4-yl)-hydroxyacetomtrile (4.4 g, 29.8 mmol) in 

25 2-propanol (48 mL) and water (12 mL). Cool to 0 °C under a nitrogen atmosphere. Add 
sodium borohydride (1 .2 g, 3 1 .7 mmol) and allow the resulting mixture to slowly warm to 
room temperature over 5.5 hours. Quench with acetone and stir for 1 h. Concentrate the 
mixture to 1/3 volume and dilute with ethyl acetate. Wash the resulting organic solution 
with saturated aqueous sodium bicarbonate solution and saturated aqueous ammonium 

30 chloride solution (twice). Combine the aqueous washes and dilute with saturated aqueous 
sodium chloride solution and extract with ethyl acetate (twice). Add these extracts to the 
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crude reaction mixture and wash the resulting solution with saturated aqueous sodium 
chloride solution, dry (magnesium sulfate), filter, concentrate and purify (silica gel 
chromatography, eluting with 0:100 to 1:1 ethyl acetaterhexanes) to give the desired 
compound as a yellow oil (740 mg 3 18%). 
5 *H NMR (400 MHz, CDC1 3 ) 5 3.83 (ddd, J = 2.8, 5.6, 1 1 .6 Hz, 2H), 3.72 (ddd, J = 2.8, 
11.2, 11.2 Hz, 2H), 3.68 (s, 1H), 3.58 (s, 1H), 1.88-1.63 (m, 5H) 

Preparation 297 
Cis-3-tert-butylcyclobutanol 

10 3-tert-butyl-2J2-dichlorocvclobutanone 

Suspend 3,3-dimethyl-l-butene (10 mL, 80.8 mmol), ethylene glycol dimethyl 
ether (11.5 mL, 106 mmol), and freshly activated zinc (13.8 g, 21 1 mmol) in dry diethyl 
ether (100 mL) under a nitrogen atmosphere. Add to this suspension a solution of 
trichloroacetyl chloride (1 1.5 mL, 103 mmol) in dry diethyl ether (50 mL) dropwise over 

15 20 minutes. Heat to reflux for 24 hours. Cool to room temperature and filter off the 
residual solid materials. Concentrate the filtrate and triturate the residue with hexanes. 
Filter the mixture to remove solid materials. Wash the filtrate solution with saturated 
aqueous sodium bicarbonate solution (3x), saturated aqueous sodium chloride solution, 
dry (magnesium sulfate), filter, concentrate and purify (silica gel chromatography, eluting 

20 with 0:100 to 10:90 ethyl acetate:hexanes) to give the pure fractions and concentrate. 

Isolate the desired compound by vacuum distillation to give a clear liquid (7:59 g, 48%). 
X H NMR (400 MHz, CDC1 3 ) 8 3.29 (app. dd, J - 7.2, 10.4 Hz, 2H), 2.83 (dd, J = 10.0, 
11.2 Hz, 1H), 1.14 (s,9H) 



25 3-tert-butylcvclobutanone 

Saturate dry methanol by stirring with excess ammonium chloride under nitrogen 
for 1.5 h. Add this saturated solution (150 mL) to 3-teTt-butyl-2,2-dichlorocyclobutanone 
(7.5 g, 38.4 mmol) under nitrogen. To the resulting suspension add freshly activated zinc 
(15.4 g, 236 mmol). Stir for 5 hours, filter and concentrate. Partition the residue between 

30 diethyl ether and water. Discard the aqueous phase and wash the diethyl ether layer with 
water (twice), saturated aqueous sodium chloride solution, dry (magnesium sulfate), filter, 
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concentrate and purify (silica gel chromatography, eluting with 0:100 to 10:90 ethyl 
acetate:hexanes) to give the desired compound as a clear liquid (2.71 g, 56%). 
l H NMR (400 MHz, CDC1 3 ) 5 2.87 (m, 4H), 2.30 (m, 1H), 0.93 (s, 9H) 

5 Cis-3-tert-butvlcvclobutanol 

Cool lithium aluminum hydride (16 mL, 16 mmol, 1.0 M solution in 
tetrahydrofuran) under a nitrogen atmosphere to 0 °C. Add tert-butanol (4.6 mL, 48. 1 
mmol) dropwise, warm to room temperature, and stir the resulting solution for 1 hour. 
Cool the hydride solution to —78 °C and add a solution of 3-tert-butylcyclobutanone (1 g, 

10 7.9 mmol) in dry tetrahydrofuran (3 mL) dropwise. Stir for lhour at -78 °C and then 
warm to room temperature over 1 hour. Slowly quench the mixture with 0.1 N 
hydrochloric acid. Dilute the resulting mixture with ethyl acetate and a saturated aqueous 
solution of sodium potassium tartrate (Rochelle salt) and stir the biphasic mixture 
overnight Filter the mixture to remove precipitates and separate the aqueous layer. 

15 Saturate the aqueous phase with sodium chloride and extract with ethyl acetate. Add the 
organic extract to the ethyl acetate solution of the reaction mixture and wash the resultant 
mixture with saturated aqueous sodium chloride solution, dry (magnesium sulfate), filter, 
and concentrate to give the title compound as a -9:1 mixture of cis/trans diastereomers. 
! H NMR (400 MHz, CDCI3) 8 3.99 (m, 1H), 2.17-2.15 (m, 2H), 1.56-1.51 .(m, 3H), 0.78 

20 (s,9H). 

Preparation 298 

(R)-5-[(l S,2S)-2-Acetjdaniino-3-(3,5-difluorophenyl)-l -hydroxypropyl]-2- 
ethoxymorpholine-4-carboxylic acid tert-butyl ester 
25 f(TlV2-ftert-butyl-dimeth^ 
acid tert-butvl ester 

Dissolve [(R)-l-(t^-butyl-dimeth^ 
acid tert-butvl ester (L0 g, 3.27 mmol) and ethyl vinyl ether (0.20 g, 2.73 mmol) in 
acetonitrile (20 mL) and add N~iodosucciniinide (0.735 g, 3.27 mmol). Stir at room 
30 temperature 72 hours and pour into saturated aqueous sodium chloride. Extract with ethyl 
acetate, wash with water and saturated aqueous sodium chloride, dry (magnesium 
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sulfate), filter and concentrate. Purify on silica gel, ehiting with 0:100 to 10:90 ethyl 
acetate:hexanes to give the desired compound. 
MS (ES): m/z = 504.4 [M+H] 

5 fl^VS-ftert-butvldimethvlsilan^ acid tert- 

butvl ester 

Add sodiunx hydride (0.044 g, 1.10 mmol) to rfRV2-(tert-butvldimethvlsilanvl- 
oxy)-l<l-ethoxy-2--iodoethoxymethyl)-ethyl]-carbaniic acid tert-butvl ester (0.462 g, 
0.91 8 mmol) in N,N-dimethylformamide (9 mL) at room temperature. Heat to ~50 °C for 
10 4 hours, cool to room temperature, and pour into ethyl acetate. Wash with water, 1 N 
lithium chloride and saturated aqueous sodium chloride. Dry (magnesium sulfate), filter 
and concentrate. Purify on silica gel, eluting with 0:100 to 50:50 ethyl acetate :hexanes to 
give the desired compound as a mixture of diastereomers. 

1 HNMR (400 MHz, CDC1 3 ) (more polar diastereomer) 5 4.69 (bs, 1H), 3.98-3.45 (m, 
15 8H), 3.07 (d, J - 12.8 Hz, 1H), 1.46 (s, 9H), 1.22 (t, J = 7J2 Hz, 3H), 0.89 (s, 9H), 0.07 (s, 
6H). 

. rSV2-Ethoxv-5-hvdroxvmethvlmorpholine-4--carboxvlic acid tert-butvl ester 
Dissolve (TlV5~ ftert ~butvldimethylsU^^ 
20 carboxylic acid tert-butvl ester (0.39 g, L04 mmol) in tetrahydrofuran (3 mL) and add 
tetrabutylammonium fluoride (2.1 mL, 2.1 mmol, 1.0 M in tetrahydrofuran). Stir 45 
minutes at room temperature and concentrate. Purify on silica gel, eluting with 10:90 to 
40:60 ethyl acetate in hexanes to give the desired compound. 

l HNMR (400 MHz, CDC1 3 ) 5 4.69 (bs, 1H), 4.08-4.04 (m, 2H), 3.88-3.66 (m, 4H), 3.56 
25 (d, J = 10.8 Hz, 1H), 3.51-3.43 (m, 1H), 3.20 (d, J = 14Hz, 1H), 1.47 (s, 9H), 1.22 (t, J - 
7.2 Hz, 3H) 

(TO-54aR.2S>3-(3.5-Difluoroph^ 
carboxvlic acid tert-butvl ester 
30 To (S)-2-ethoxy-5-hydroxymethylmorpholine-4-carboxylic acid tert-butvl ester 

(0.245 g, 0.938 mmol) in dimethylsulfoxide (3 mL) at room temperature add 
triethylamine (0.180 g,' 1.78 mmol), then pyridine sulfur trioxide complex (0.283 g, 1.78 
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mmol) in dimethylsulfoxide (1 .5 mL). Stir at room temperature 4 hours and pour into 50 
mL of 10:90 ethyl acetate/hexanes. Wash with water and saturated aqueous sodium 
chloride, dry (magnesium sulfate), filter and concentrate. Dissolve the residue in 
tetrahydrofuran (1.5 mL) and add 3,5-difluorophenylnitroethane (0.134 g, 0.725 mmol). 
5 Cool in an ice/water bath and add tetrabutylammomum fluoride (0.70 mL, 0.70 mmol, 1 .0 
M in tetrahydrofuran) all at once. Stir 30 minutes and pour into cold half saturated 
aqueous sodium chloride (-20 mL). Extract with ethyl acetate, wash with water and 
saturated aqueous sodium chloride, dry (magnesium sulfate), and concentrate. Purify on 
silica gel, eluting with 0:100 to 30:70 ethyl acetate:hexanes to give the desired compound. 
10 MS(ES): 7^2 = 445.2 [M-H] 

(TO-5-rnS,2S>2-Ammo-3-(3.5-diflu^ 
4-carboxvlic acid tert-butvl ester 

To a solution of (R)-5-[(lR^S)-3-(3,5-difluorophenyl)-l-hydroxy-2-nitropropyl]- 

15 2-ethoxymoipholine-4-carboxylic acid tert-butvl ester (0.145 g, 0.325 mmol) in methanol 
(5 mL) at room temperature add nickel (IT) chloride (0.063 g, 0.487 mmol) and then 
sodium borohydride (0.061 g, 1.62 mmol) portionwise. Stir 30 minutes, add water (-3 
mL) and concentrate. Dilute with ethyl acetate and filter through Celite®. Partition the 
filtrate between ethyl acetate and water. Dry the ethyl acetate layer (magnesium sulfate), 

20 filter and concentrate to give the desired compound as a white solid. 
MS (ES): m/z = 417.3 [M+H] 

(R)-5-rr 1 S.2S y2-Acetvlamino-3-f 3 ,5-difluorophenvlV 1 -hvdroxvpropvll -2- 

ethoxvmorpholine-4-carboxvlic acid tert-butvl ester 
25 Add triethylamine (0.030 g, 0.30 mmol) and acetic anhydride (0.024 g, 0.23 

mmol) to (R)-5~[(lS 5 2S)~2-amino--3-(3,5-difluorophenyl)-l--hydroxypropyl]-2- 

ethoxymorpholine-4-carboxylic acid tert-butvl ester (0.095 g, 0.228 mmol) in 

tetrahydrofuran (4 mL) at room temperature. Stir 4 hours and dilute with ethyl acetate. 

Wash with water and saturated aqueous sodium chloride, dry (magnesium sulfate), filter 
30 and concentrate. Purify on silica gel, eluting with 20:80 to 1 00% ethyl acetate:hexanes to 

give the title compound. 

MS (ES): m/z = 457.2 [M+H] 
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Preparation299 
(R)-5-[(lS,2S)-2-Acetylamm^^ 

diphenylmoipholine-4-carboxylic acid tert-butyl ester 
5 ffSV2-benzvloxv-l-f2-iodo-l J>dit>henvle1hoxvmethvlVe1favlV ^rhaTriic acid tert-butyl 
ester 

Dissolve ((X)-2-benzyloxy-l-hy&^ acid tert-butyl ester 

(1.0 g, 3.55 mmol) and 1,1-diphenylethylene (0.534 g, 2.96 mmol) in acetonitrile (20 
mL). Add N-iodosuccinimide (0.800 g, 3.55 mmol) and stir at room temperature 72 
10 hours. Pour into ethyl acetate and wash with saturated aqueous sodium chloride. Dry 
(magnesium sulfate), filter and concentrate. Purify on silica gel, eluting with 0:100 to 
30:70 ethyl acetaterhexanes to give the desired compound. 

1 HNMR (400 MHz, CDC1 3 ) 8 7.37-7.21 (m, 15 H), 5.04 (d, J = 7.6 Hz, 2H), 4.13 (s, 3H), 
4.04 (bs, 1H), 3.76-3.66 (m, 2H), 3.32-3.23 (m, 2H), 1.43 (s, 9H) 

15 

rS)-5-ben2ryloxvmethvI-2.2-diphenyl"morphoIine-4-carboxvlic acid tert-butyl ester 

To [(S)-l-ben2yloxymethyl-2-(2-iodo-l,l-diphenylethoxy)-ethyl]-carbamic acid 
tert-butyl ester (4.74 g, 8.07 mmol) in N,N-dimethylfonnamide (70 mL) at room 
temperature add sodium hydride (0.452 g, 1 1.3 mmol, 60% dispersion in mineral oil). 
20 Heat reaction mixture to 60°C for 4 hours, cool to room temperature and dilute with ethyl 
acetate (--400 mL). Wash with water and saturated aqueous sodium chloride, dry 
(magnesium sulfate), filter and concentrate. Purify on silica gel eluting with 0:100 to 
20:80 ethyl acetaterhexanes to give the desired compound as an oil. 
MS (ES): m/z = 460.4 [M+H] 

25 

fR)"5-Formvl-2.2-diphenvlmorpholine-4-carboxylic acid tert-butyl ester 

To 10% palladium on carbon (2.1 g) in ethanol (50 mL) add (S)-5- 
benzyloxymethyl-2,2-diphenylmoipholine-4-carboxylic acid tert-butyl ester (3.29 g, 7.16 
mmol) in ethanol (75 mL) and stir under 1 atmosphere of hydrogen gas at room 
30 temperature for 4 hours. Filter and concentrate to give the desired compound as a white 
solid. Dissolve the solid in dimethylsulfoxide (20 mL) and add triethylamine (1.30 g, 
12.82 mmol), then pyridine sulfur trioxide complex (1 .84 g, 1 1 .55 mmol). Stir at room 
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temperature 3 hours and dilute with 10% ethyl acetate/hexanes (-150 mL). Wash with 
water, 1 N aqueous citric acid and saturated aqueous sodium chloride, dry (magnesium 
sulfate), filter and concentrate to give the desired compound as a white solid. 
MS (ES): m/z- 268.2 [M-BOC+H] 

5 

(TO-5-rriR,2S>3-r3.5-dffluorophen^ 
diphenvlmorpholine-4-carboxvlic acid tert-butvl ester 

To (R)-5-fomiyl-2,2-diphehylmoipholine-4-carboxylic acid tert-butvl ester (1.03 
g, 2,80 mmol) and l,3-difluoro-5-(2-nitroethyl)-benzene (0.577 g, 3.08 mmol) in 

10 tetrahydrofuran (5 mL) at -0 °C under nitrogen add tetrabutylammonium fluoride (3 mL, 
3 .0 mmol, 1 .0 M in tetrahydrofuran). Stir 20 minutes and add half saturated aqueous 
sodium chloride (-20 mL) and ethyl acetate (~1 00 mL). Separate the layers and wash the 
organic layer with water and saturated aqueous sodium chloride. Dry (magnesium 
sulfate), filter and concentrate. Purify on silica gel, eluting with 0:1 00 to 50:50 ethyl 

15 acetate:hexanes, then re-crystallize from hexanes/dichloromethane to give the desired 
compound. 

MS (ES): m/z = 455.3 [M-BOC+H] 

(RV5-ra S>2SV2-Ammo-3-r3 < .5-difluorophenvlVl -hvdroxvpropvI1-2.2- 
20 diphenylmorpholine-4-carboxvlic acid tert-butvl ester 

Dissolve (R)-5-[(lE^2S)-3-(3,5-difluorophenyl)-l -hydroxy-2-mtropropyl]-2,2- 

diphenylmorpholine-4-cafboxylic acid tert-butvl ester (0.1 72 g, 0.3 1 mmol) in dry 

methanol (8 mL), add nickel chloride (0.060 g, 0.46 mmol) then sodium borohydride 

(0.059 g, 1.55 mmol). Stir 15 minutes, add water (~2 mL) and concentrate. Add ethyl 
25 acetate (-70 mL), filter (Celite®), wash with water and saturated aqueous sodium 

chloride. Dry (magnesium sulfate), filter and concentrate to give the desired compound 

as a white solid. 

MS (ES): m/z = 525 3 [M+H] 

30 fRV5-fr 1 S.2S)-2-Acetvlamino-3-r3.5-difluorophenvlVl -hvdroxvpropvll-2-2- 
diphenylmorpholine-4-carboxvlic acid tert-butvl ester 
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Dissolve (R)-5-[(l S,2S)-2-ammo-3<3,5-dffiuorophenyl)-l -hydroxypropyl]-2,2- 
- diphenylmoipholine-4-carboxylic acid tot-butyl ester (0. 1 63 g, 0.3 1 mmol) in 

tetrahydrofuran (4 mL). Add fciefhylamine (0.044 g, 0.44 mmol) and acetic anhydride 
(0.036 g, 0.35 mmol). Stir 90 minutes and dilute with ethyl acetate (50 mL). Wash with 
5 0.1 N aqueous citric acid, water, and saturated aqueous sodium chloride. Diy 

(magnesium sulfate), filter and concentrate. Purify on silica gel, eluting with 10:90 to 
50:50 ethyl acetate:hexanes to give the title compound. 
MS (ES): m/z = 4613 [M-BOC+H]. 

10 Preparation 300 




(2R,3S,5R)-2-(2,2-Dimethylpropoxy)-5-formyl-3-methylmorpholine-4^ acid 

tert-butvl ester 
1 a 1 -bis-f 2 J> -dimethvlpropoxvVt>roT>an-2-one 
15 Add g-toluenesulfonic acid hydrate (1.21 g, 10.58 mmol) to 1,1-dimethoxy- 

propan-2-one (25.00 g, 21 1 .63 mmol) and neopentyl alcohol (46.64 g, 529.08 mmol) at 
room temperature. Heat in an open flask in an 80 °C oil bath for 8 hours. Allow to cool 
to room temperature and stir over the weekend. Purify (silica gel chromatography, 
eluting with 0:100 to 8:92 ethyl acetate :hexanes) to give the desired compound as a 
20 colorless oil (32.78 g 67.2%) 

(R>3-benCTloxv-2-[(Tiy2.2-M 
(Ry3-benzvloxy-2-ffSV2.2-bis-^ 

Add pyridinium p-toluenesulfonate (PPTS) (0.57 g, 2.25 mmol) and 3A molecular 
25 sieves (0.73 g) to (R)-2-amino-3-benzyloxypropan-l-ol (4.08 g, 22.51 mmol) and 1,1-bis- 
(2,2-dimethylpropoxy)-propan-2-one (8.30 g, 36.02 mmol) in dry toluene (90 mL) and 
reflux under nitrogen for 2 hours. Cool to room temperature, filter and concentrate. 



WO 2006/034093 



PCT/US2005/033277 



-116- 

Dissolve in dry methanol (90 mL) and add sodium cyanoborohydride (5.66 g 9 90.05 
mmol) followed by acetic acid (2.5 mL) dropwise. Stir 30 minutes and concentrate. 
Dilute with ethyl acetate (-200 mL) and add water (-10 ml) followed by 1 N sodium 
hydroxide (-50 mL). Stir 20 minutes and dilute with saturated aqueous sodium chloride. 
5 Dry (sodium sulfate), filter and concentrate. Purify (silica gel chromatography using 
deactivated silica gel obtained by flushing with 3% (2 M ammonia/methanol) in 
dichloromethane), and elute with 10:90 to 100:0 ethyl acetate: hexanes) to give the 
desired compounds: (R)-3-benzyloxy-2-[(R)-2,2-bis-(2,2-dimethyIpropoxy)-l- 
methyletiiylamino]-propan«l-ol (2.08 gtop spot), (R>3-benzyloxy-2-[(S)-2,2-bis-(2,2- 
1 0 dimethylpropoxy)- 1 -methylethylamino] -propan- 1 -ol (1 .79g bottom spot) and 3 A g of 
mixed fractions. 
MS (ES): m/z = 396.5 [M+H] 

f2SJS.5SV5-ben2ryloxvmethyl-2-f2.2- 

15 2R.3 S ,5 SV5-benzvlox\TOethvl-2-f2.2^ 

Add camphorsulfonic acid (1.69 g, 7.28 mmol) to 0Et)-3-benzyloxy-2-[(S)-2^-bis- 
(2,2-dimethylpropoxy)-l-methylethylamino]-propan-l-ol (1.60 g, 4.04 mmol) in toluene 
(65 mL) and heat to 1 00 °C for 1 hour. Cool to room temperature, dilute with ethyl 
\ acetate, wash with 2 N sodium hydroxide and saturated aqueous sodium chloride. Dry 

20 (magnesium sulfate), filter and concentrate. Purify (silica gel chromatography using 

deactivated silica gel prepared as previously described, eluting with 1 0:90 to 70:30 ethyl 
acetate rhexanes) to give the desired compounds (2S,3S,5S)-5-benzyloxymethyl-2-(2 ? 2- 
dimethylpropoxy)-3 -methylmorpholine 

(490 mg, 39% top spot,) and (2R,3S,5S>5~benzyloxymethyl-2-(2,2-dimethylpropoxy)-3- 
25 methylmorpholine (495mg, 40% bottom spot). 
MS (ES): m/z = 308.3 [M-HH] 

f2R3S.5S)-5-ben2yloxvmethvl-2-f2.2-dTO 
carboxvlic acid tert-butvl ester 
30 Add N, N-diisopropylethylamine (0.41 g, 3.19 mmol) to (2R,3S,5S)-5- 

ben2yloxymethyl-2-(2,2-dimethy^ (0.49 g, 1.59 mmol) and 

di-tert-butyl dicarbonate (1.04 g, 4.78 mmol) in dichloroethane (16 mL) at room 
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temperature and heat to 70 °C for 12 hours. Cool to room temperature and concentrate. 
Dilute with ethyl acetate and wash with 1 N aqueous citric acid and saturated aqueous 
sodium chloride. Dry (magnesium sulfate), filter, concentrate and purify (silica gel 
chromatography, eluting with 0:100 to 20:80 ethyl acetate:hexanes) to give the desired 
5 compound as an oil. 

MS (ES): m/z = 352.3 [M-tert-butyl] 

(2R3 S.S S V2"r2,2-Dimethvlpropoxv)-5"hvdroxvme1hvl-3-methvlmorpholine-4- 
carboxylic acid tert-butvl ester 

1 0 Stir (2R ? 3S,5S)-5-benzyloxymethyl-2-(2 5 2-dimelhylpropoxy)-3- 

methylmorpholine-4-carboxylic acid tert-butvl ester (0.65 g, 1.59 mmol) and 20% 
palladium hydroxide on carbon (0.65 g) in methanol (25 mL) under a hydrogen 
atmosphere at room temperature for 2 hours. Filter through Celite®, concentrate and 
purify (silica gel chromatography, eluting with 0:100 to 20:80 ethyl acetate:hexanes) to 

15 give the desired compound as an oil (471 mg 93.0%). 
MS (ES): m/z = 340.3 [M+Na] 

(2R.3 S.,5RV2-f 2.2-Dimethvlpropoxv)-5-form acid 
tert-butvl ester 

20 Add pyridine sulfur trioxide complex (0.42 g) to (2R,3S,5S)-2-(2,2- 

dimethylpropoxy)-5-hyckoxyme acid tert-butvl 

ester (0.46 g, 1.45 mmol) and N, N~diisopropylethylamine (0.66 g, 5.07 mmol) in 
dichlorometbane (1 mL) and dimethylsulfoxide (4 mL) at -2° C and stir 30 minutes. TLC 
shows some alcohol remaining. Add more pyridine sulfur trioxide (100 mg) and stir 30 

25 minutes. Pour into ice-cold saturated aqueous sodium chloride and extract with ethyl 
acetate. Wash the ethyl acetate layer with 1 N aqueous citric acid, saturated aqueous 
■■ sodium chloride), dry (magnesium sulfate), filter and concentrate to give the title 
compound as an oil (456 mg). 



30 Preparation 301 

(R)-3-Benzyloxy-2-[(R)-2,2-bis-(2,2-dimethylpropoxy)-l -methylethylairdno]-propan-l -ol 
(R)-3-Benzyloxy-2-[(S)-2,2-bis-(2^2-dimethylpropoxy)- l-methylethylamino]-propan-l -ol 
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Add magnesium sulfate (30.23 g, 251 .10 mmol) to (R>2-amino-3- 
benzylox ypropan- 1 -ol (12.30 g, 67.87 mmol) and l 5 l-bis-(2,2-dimetliylpropoxy)-propan- 
2-one (23.45 g, 101.80 mmol) in tetrahydrofuran (100 mL) at room temperature and stir 
for 2 hours. Filter and concentrate. Dissolve in methanol (200 mL) and cool in an ice 
5 . water bath. Add sodium cyanoborohydride (8.53 g, 135.73 mmol) and then acetic acid 
(4.08 g, 67.87 mmol) dropwise. Warm to room temperature, stir 2 hours and concentrate 
to - 50mL. Dilute with ethyl acetate (-200 mL) and add water (-50 ml) followed by 1 N 
sodium hydroxide (-200 mL). Stir 20 minutes and dilute with saturated aqueous sodium 
chloride. Dry (sodium sulfate), filter and concentrate to give the title compounds. 
10 MS (ES): m/z = 396.5 [M+H] 

Preparation 302 

. (2R,5R)-5-[(lS;2S)-2-Ainm^^ 

dimemylpropoxy)-morpholine-4-carboxylic acid tert-butyl ester 
15 (f S V2-benzvloxv-l -[1 -r2,2-dimethylpropoxvV2--iodoethoxvmethvll -ethyl) -carbamic acid 
tert-butyl ester 

Add N-iodosuccuumide (14.19 g, 74.63 mmol) to ((R)-2-benzyloxy-l- 
. hyckoxymemylemyl)-c^bamic acid tert-butyl ester (1 5.00 g, 53.30 mmol) and 2,2- 
dmiemyl-l-vinyloxypropane (9.13 g, 79.96 mmol) in acetonitrile (267 mL) at room 
20 temperature. Heat to 60 °C under nitrogen for 2 hours. Cool to room temperature and 
dilute with ethyl acetate. Wash with water and saturated aqueous sodium chloride. Dry 
(magnesium sulfate), filter, concentrate and purify (silica gel chromatography, eluting 
with 0:100 to 10:90 ethyl acetate:hexanes) to give the desired compound as an oil (23.4 g 
84.2%). 

25 MS (ES) = 544.2 [M+Na] 

(2ILSSy5-benzyloxymemvl-2-f2.2-dm acid tert- 

butvl ester 

Add sodium hydride (2.81 g, 70.27 mmol) to {(S)-2-benzyloxy-l-[l-(2,2- 
30 dimemylpropoxy)-2-iodoemoxymemyl]-emyl}-carbamic acid tert-butyl ester (22.90 g, 

43.92 mmol) in N,N-dimemylformamide (200 mL) at room temperature and heat to 55 °C 
for 1 hour. Cool to room temperature and pour into ethyl acetate and saturated aqueous 
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ammonium chloride. Wash the organic layer with water, 10% aqueous potassium 
carbonate, 1 N citric acid, 1 N lithium chloride and saturated aqueous sodium chloride. 
Dry (magnesium sulfate), filter, concentrate to ~20g of an orange oil and purify (silica gel 
chromatography, eluting with 0:100 to 20:80 ethyl acetate:hexanes to give the desired 
5 compound as an oil (7.3g, 84.5%). 
MS (ES) - 294.2 [M-BOC] 

(2R.5S)-2-(2,2-Dimethvlpropoxyy^ acid tert- 

butvl ester 

10 Stir (2R,5S)-5-beaizyloxymethyl^^ 

carboxylic acid tert-butvl ester (7.05 g, 17.92 mmol) and 20 % palladium hydroxide on 
carbon in methanol (1 50 mL) under 1 atmosphere of hydrogen gas at room temperature 
for 12 hours. Filter and concentrate to give the desired compound as a thick oil which is 
used directly in the next step without further purification (5.10 g). 

1 5 MS (ES) = 3263 [M+Na] 

(2R.5Ry2-(2,2-Dimethylpropoxy>S-fora^ acid tert-butvl ester 

Add pyridine sulfur trioxide complex (4.82 g, 30.26 mmol) to (2R,5S)-2-(2,2- 
dimethylpropoxy)-5-bydroxym acid tert-butvl ester (5.10 g, 

20 16.81 mmol) and N, N-diisopropylethylamine (7.61 g, 58.83 mmol) in dimethylsulfoxide 
(42 mL) and dichloromethane (8 mL) at —4 °C. Stir 20 minutes, pour into ice cold 
saturated aqueous sodium chloride. Extract with 10% ethyl acetate/hexanes. Wash with 
0.1 N aqueous citric acid and saturated aqueous sodium chloride. Dry (magnesium 
sulfate), filter and concentrate to give the desired compound of a colorless oil, which is 

25 used directly in the next step without further purification (5.02 g). 

(2R.5RV S-|Y 1 R.2S V3-f 3 .5-DffluorophenvlV 1 -hvdroxv-2-nitropropvl]-2-(2,2- 
dimethvlpropoxvVmorpholine-4-carboxvlic acid tert-butvl ester 

Add tetrabutylammonium fluoride (18.32 mL, 18.32 mmol, 1.0 M in 
30 tetrahydrofuran) to (2R,5R)-2-(2,2-dimethylprop 

acid tert-butvl ester (5.02 g 5 16.66 mmol) and l 3 3-difluoro-5-(2-nitroethyl)-ben2ene (3.43 
g, 1 8.32 mmol) in tetrahydrofuran (28 mL) at -10 °C and stir 20 minutes. Pour into ice 
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cold saturated aqueous sodium chloride and extract with ethyl acetate. Wash with 0.1 N 
aqueous citric acid and saturated aqueous sodium chloride, dry (magnesium sulfate), 
filter, concentrate and purify (silica gel chromatography, eluting with 20:80 to 30%:70 
diethyl ether:hexanes) to give a mixture of 2 diastereomers (3.66 g, -75:25 mixture) 
5 which are separated using chirial chromatography to give the desired compound (~2.45g, 
34.0%). 

MS (ES): m/z = 487.3 [M-H] 

QR^5Ry54aS.2SV2-Ammo-3^ 
10 dimethvlpropoxvVmorpholine-4-carboxvlic acid tert-butvl ester 

Add sodium borohydride (0.86 g, 22.60 mmol) to (2R,5R)-5-[(lR^S)-3-(3,5- 
difiuorophenyl)-l-hydroxy-2-nito^ 

carboxylic acid tert-butvl ester (2.30 g, 4.71 mmol) and nickel (II) chloride (1.34 g, 10.36 
mmol) in methanol (47 mL) at room temperature over -2 minutes. Stir for 20 minutes, 
15 add water (~3 mL) and concentrate. Dilute with ethyl acetate (-75 mL), filter through 
Celite®, wash with 10% aqueous potassium carbonate, saturated aqueous sodium 
chloride, Dry (magnesium sulfate), filter and concentrate to give the title compound as an 
off-white solid (1 .7 g, 78.7%). 
MS (ES): m/z = 459.2 [M+H] 

20 



The compound of Preparation 303-305 may be prepared as a mixture of 
diastereomers essentially as described in Preparation 302 using 1 -methyl- 1- 
vinyloxymethylcyclopentane and 3-benzyloxyphenyl nitroethane. 



Prep 


Compound 


MS(ES) 
[M+H] 


303 


(2R,5R)-5-[2-Amino-3-(3-berizyloxy-phenyl)-l-hydroxy-propyl]-2- 
(l-methyl-cyclopentylmethoxy)-morpholine-4-carboxylic acid tert- 
butyl ester 


555 


304 


(2R,5R)-5-[2-Amino-3-(3,5-.difluorophenyl)-l-hydroxy-pTopyl]-2- 
(cyclohexylmethoxy)-morpholine-4-carboxylic acid tert-butyl ester 


485.3 


305 


(2R,5R)-5-[2-Amino-3-(3,5-difluorophenyl)-l-hydroxy-propyl]-2- 
(2,2-dimethylpropoxy)-morpholine-4-carboxylic acid tert-butyl ester 


459.3 



25 Preparation 306 
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(2R,5R)-5-[(lS,2S)-2-Amino-3^ 

dimethylpropoxy)-moipholine-4-carboxylic acid tert-butyl ester 
(TO-5-[aS,2SVl-benzvloxv-2-diben^ 
oxomorpholine-4-carboxvlic acid tert-butvl ester 
5 Add diisopropylethylamine (1 mL, 6.05 ramol) to a solution of (2R,3R,4S>2- 

amino-3-benzyIoxy^-dibenzylamm^^ (1.02 g, 1.976 

mmol) and phenyl bromoacetate (750 nig, 3.48 mmol) in N,N-dimethylformamide (30 
mL) at room temperature. Stir the reaction mixture at room temperature overnight 
(~14h). Add di-tert-butyl dicarbonate (1 g, 4.58 mmol) and stir at room temperature for 
10 20 h. Dilute with ethyl acetate, wash with 5% aqueous citric acid, dry (magnesium 

sulfate), filter, concentrate and purify (silica gel chromatography, eluting with 2:98 ethyl 
acetaterhexanes), to give the desired compound as a white solid (1.05 g, 81%). 
MS (ES): m/z = 657 [M+H] + 

15 (TO-5-ras,2Syi-benzyloxv-2-dfc^^ 

hvdroxvmorpholine-4-carboxvUc acid tert-butvl ester 

Add diisobutylaluminum hydride (1.4 mL, 1.37 mmol, 1.0 M in toluene) to a 
solution of (R)-5-[(lS s 2S)~l-benzyloxy-2-dita 

2-oxomorpholine-4-carboxylic acid tert-butvl ester (0.75 g, 1.1 mmol) in of dry toluene 
20 (15 mL) at -78 °C under nitrogen and stir at this temperature for 2 hours (Monitor by 

TLC). Add methanol to quench the reaction (1 .0 mL), then saturated aqueous potassium 
sodium tartrate (Rochelle salt) and ethyl acetate. Warm to room temperature and stir 
vigorously for 30 minutes. Separate the organic layer and extract the aqueous with ethyl 
acetate. Combine the organic layers and dry (magnesium sulfate), filter and concentrate to 
25 give the desired compound as a mixture of the two possible isomers as a white solid and 
used in the next step without further purification (0.75 g). 
MS (ES): m/z = 659 [M+H] + 

Trifluoromethanesulfonic acid 2.2-dimethylpropyl ester 
30 Add Ixifluoromethansulphonic anhydride (1.12 mL, 6.8 mmol) to a solution of 

neopentylalcohol (0.5 g, 5.7 mmol) and 2,6-lutidine (0.7 mL, 6.8 mmol) in 
dichloromethane (10 mL) at -78 °C and stir for 1 hour. Add water to quench the reaction, 
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separate the organic layer and extract the aqueous layer with dichloromethane. Combine 
the organic layers, dry (magnesium sulfate), filter, concentrate and purify (silica gel 
chromatography, eluting with 1 :4 hexane:dichloromethane) to give the desired compound 
as an oil (0.9 g, 72% yield). 
5 *H-NMR (300 MHz, CDC1 3 ,) 8 1 .03 (s, 9H), 1 .1 8 (s, 2H) 

qR.5R>5-r(lS,2S>l-benzylo^ 

dimethvlpropoxv)-morpholine-4-carboxvlic acid tert-butyl ester 

Add sodium hydride (16 mg, 0.4 mmol, 60% dispersion in mineral oil) to (R)-5- 

10 [(1 S,2S> 1 -benzyloxy-2-dibenzylamino-3-(3 ,5-difluorophenyl)-propyl]-2- 

hydroxymorpholine-4-carboxylic acid tert-butyl ester (175 mg, 0.3 mmol,) in dry 
dimethylformamide (1.0 mL ) at 0 °C and stir for 10 min. Add trifluoromethanesulfonic 
acid 2,2-dimethylpropyl ester (90 mg, 0.4 mmol) in dry dimethylfonnamide (0.5 mL), 
warm slowly to room temperature and. stir for 1 hour. Add water to quench the reaction 

15 and extract the aqueous layer with diethyl ether. Combine the organic layers, dry 

(magnesium sulfate), filter, concentrate and purify (silica gel chromatography, eluting 
with 90:10 hexanes:ethyl acetate) to give the desired compound as white solid (100 mg, 
52% yield over two steps). 
MS (ES): mfz = 729 [M+H] + 

20 

aR.5Ry5-raS.2SV2-Ammo-3-f3,5-^ 

dimethvlpropoxvVmorpholine-4-carboxvlic acid tert-butvl ester 

Stir (2R,5R)-5-[(lS,2S)-l-benzylo^ - 
propyl]-2-(2,2-dimethylpropoxy)-morpholine-4-carboxylic acid tert- butvl ester (0.1 g, 
25 0.14 mmol) and 20% palladium hydroxide on carbon (0.1 g, 0.06 mmol, 60% moisture) in 
ethyl acetate (5 mL) under 1 atmosphere of hydrogen gas at room temperature overnight. 
Filter the suspension through a pad of filtering agent, wash with ethyl acetate and 
concentrate to give the title compound (0.06 g, 90%). 
MS (ES): mfz = 459 [M+H] + 

30 

Preparation 307 
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(2R,3S,5R)-5-[(lS,2S>2-Acetylan^^ 

dimethylpropoxy)-3-methylmoipholine-4-carboxylic acid tert-butyl ester 
(3S.5Ry54aS^Syi-benzyloxv-2Klib eT^^ 
methvlmorpholin-2-one 
5 Add 2(R)-trifluorome1iianesiilfonyloxypropioni acid methyl ester (6 g, 25.42 

mmol) to a solution of (2R,3S 5 4S)-2-ainino-3-benzyloxy^-diben2ylainiiio-5-(3 5 5- 
difluorophenyl)-pentan-l-ol bishydrochloride (4.7 g, 7.94 mmol) and triethylamine (5 
mL, 35.87 mmol) in dichloromethane (150 mL). Stir the reaction mixture at room 
temperature for 68 hours. Dilute with dichloromethane and wash with 5% aqueous citric 
10 acid, saturated aqueous sodium chloride, dry (magnesium sulfate), filter, concentrate and 
purify (silica gel chromatography, eluting with 10:90 to 20:80 ethyl acetate:hexanes) to 
give the desired compound (2.93 g, 65%). 
MS(ES): m/z = 571 



15 (2RS3S.5R>5-faS.2Syi-ben2^1oxy^ 
methvlmorpholin-2-ol 

Add diisobutylaluminum hydride (2.48 mL, 2.48 mmol, 1.0 M in toluene) to a 
solution of (3S,5R)-5-[(lS,2S)-l-benzyloxy-2-diben^ 

propyl]-3-methylmorpholin-2-one (1 .09 g, 1 .91 mmol) in dry toluene (20 mL ) at -78 °C 
20 under nitrogen and stir at this temperature for 1 5 minutes. Quench by adding methanol 
(1.0 mL). Add saturated aqueous potassium sodium tartrate (Rochelle salt) and ethyl 
acetate, warm to room temperature and stir vigorously for 30 minutes. Separate the 
organic layer and extract the aqueous with ethyl acetate. Combine the organic layers, dry 
(magnesium sulfate), filter and concentrate to give the desired compound as a mixture of 
25 the two possible epimers as a white solid which is used directly in the next step without 
further purification (1.08 g, 99% yield). 
MS(ES): m/z = 573 

Dibenzvl-f f 1 S.2SV2-benzvloxv-l -f 3,5-difluorobenzvlV2-rf3R,5S.6RV6-r2,2- 
30 dimethvlpropoxvV5-methvlm oi pholin'3-vl]-ethvl}-amine 

Mix (3S,5R)-5-[(l S,2S)-l-ben2yloxy-2-dibenzylamino-3-(3,5-difluorophenyl)- 
propyl]-3-methylmorpholin-2-ol (1.06 g, 1.85 mmol) with neopentanol (1.63g 5 18.5 
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mmoU ) in dicWoromethane (0.2 mL). Add 4 £ molecular sieves (850 mg), then 
methanesulphonic acid (2.4 mL, 37 mmol) and heat at 50 °C for 4 hours. Cool to room 
temperature, dilute with dichloromethane and add slowly to a solution of saturated 
aqueous sodium bicarbonate. Extract the aqueous layer with dichloromethane, dry 
5 (sodium sulfate), filter, concentrate and purify (silica gel chromoatography, eluting with 
100:0 to 90: 1 0 hexanes:ethyl acetate) to give the desired compound as a white solid (665 
mg, 56% yield). 
MS(ES): m/z = 643 

10 (2R3S.5Ry5-FflSqSVl-benzYlo^^ 

(2.2-dimethvlpropoxv)-3-methvlmorpholine-4-carboxvlic acid tert-butyl ester 

Add di-tert-butyl dicarbonate (683 mg, 3.03 mmol) to a solution of dibenzyl- 
{(1 S,2S)-2-benzyloxy-l -(3,5-difluorobenzyl)-2-[(3R,5 S,6R)-6-(2^-dimetbylpropoxy)-5- 
methylmoipholin-3-yl]~ethyl}-amine (650 mg, 1.01 mmol) and diisopropylethylamine 

15 (353 mL, 2.02 mmol) in 1,2-dichloroethane (1 1 mL)and stir at 75 °C for 6 hours. 
Concentrate and purify (silica gel chromatography, eluting with 80:20 to 0:100 
hexanes:dichloromethane) to give the desired compound as a white solid (650 mg, 87 % 
yield). 

MS(ES): m/z = 743 

20 

f2R3S.5Ry5-raS,2SV2-Ammo-3-f33-&^ 

dimethvlpropoxv)"3-methvlmorpholine-4-carboxvlic acid tert-butyl ester 

Stk(2R,3S,5R)-5~[(lS,2S)-l-ber^^ 
propyl]-2-(2,2-dimethylpropoxy)-3-m acid tert-butyl ester 

25 (645 mg, 0.87 mmol) and 20% palladium hydroxide on carbon (60% moisture, 645 mg) 
in ethyl acetate (10 mL ) under one.atmosphere of hydrogen gas at room temperature 
overnight. Filter the suspension through a pad of filtering agent, wash with ethyl acetate 
and concentrate to give the desired compound (400 mg, 97%). 
MS(ES): m/z = 473 

30 

QR3S.5R>5-raS,2S>2-Acct v1amm 

dimethvlpropoxvV3-methvlmorpholine-4-carboxvlic acid tert-butvl ester 
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Add acetic anhydride (0.084 ml, 0.89 mmol) to a solution of (2R,3S,5R)-5- 
[(lS,2S)-2-amino-3-(3,5-difluoro^^ 

methylmorpholine-4-carboxylic acid tort-butyl ester (400 mg. 0.85 rrtoiol) in dry 
dichloromethane (9 mL). Add trietliylamine (0.179 mL, 1.27 mmol), stir 1 hour at room 
5 temperature, concentrate and purify (silica gel cartridge chromatography, eluting with 1 : 1 
hexanes:ethyl acetate) to give the title compound as a white solid (397 mg, 91%). 
MS(ES): m/r = 515[M + +H] 

The compounds of Preparation 308-332 maybe prepared essentially as described 



10 in Preparation 307: 



Prep 


Compound 


MS(ES) 
[M+Hl 


308 


(2R,3S,5R)-5-[(l S,2S>2-Acetylamino-3 -(3 ,5 -difluorophenyl)- 1 - 
hydroxj^ropyl]-2-(2^-dime11iylbutoxy)-3-metiiylmoiphoWe-^ 
carboxylic acid tort-butyl ester 


529 


309 


(2R,3S,5R)-5-[(lS J 2S>2-Acetylamino-3-(3,5-difluorophenyl)-l- 
hydroxypropyl] -2-cyclohexylmethoxy)-3 -methylmorpholine-4- 
carboxylic acid tot-butyl ester 


441 
[M-BOC+H] 


310 


2R,3S,5R)-5-[(lS,2S)-3-(3,5-Difluorophenyl)-l-hydroxy-2-(2- 
methoxyacertylamino)-propyl] -2-(2,2-dimethylbutoxy)-3- 
methylmorpholine-4-carboxylic acid tert-butvl ester 


503 
[M-BOC+H] 


311 


(2R,3S,5R)-2-Cyclohexylmethoxy-5-[(lS,2S)-3-(3,5- 
diflnorophenyl)-l-hydroxy-2-(3-methoxypropionylainino)- 
propyl]-3-methylmorpholine-4-carboxylic acid tert-butyl ester 




312 


(2R,3S,5R)-2-Cyclohexylmethoxy-5-[(lS,2S)-3-(3,5- 
difluorophenyl)-l-hydroxy-2-(2-methoxyacetylamino)-propyl]- 
3-methylmorpholine-4-carboxylic acid tert-butvl ester 


471 
[M-BOC+H] 


313 


(2R,3 S,5R)-2-Cyclohexylmethoxy-5-[(l S,2S)-2-(cyclopropane- 
carbonylamino)-3-(3,5-difluorophenyl)-l-hydroxypropyl]-3- 
methylmorpholine-4-carboxylic acid tert-butyl ester 


467 
[M-BOC+H] 


314 


(2R,3S,5R)-5-[(lS,2S)-2-Acetylamino-3-(3,5-difluorophenyl)-l- 
hydroxypropyl]-2-(bicyclo[2.1 . l]hex-5-ylmethoxy)-3- 
methylmorpholine-4-carboxylic acid tert-butvl ester-Isomer 1 


439 
[M-BOC+H] 


315 


(2R 5 3S 9 5R)-5-[(lS,2S)-2-Acetylamino-3-(3 5 5-difluorophenyl)-l- 
hydroxypropyl]-2-(bicyclo[2. 1 . l]hex-5-ylmethoxy)-3- 
methylmorpholine-4-carboxylic acid tert-butvl ester-Isomer 2 


439 
[M-BOC+H] 


316* 


(2R^3S,5R)-5-[(lS,2S)-2-Acetylarnino-3-(3,5-difluorophenyl)-l- 
hydroxypropyl]-2-(4,4-diffuorocycIohexylmethoxy)-3- 
methylmorpholine-4-carboxylic acid tert-butvl ester 


477 
[M-BOC+H] 


317 


(2R^3S,5R)-5-[(lS,2S)-2-Acetyla^ 
hydroxypropyl]-2-(3,3-difluoro-2,2-dimethylbutoxy)-3- 
methylmorpholine-4-carboxylic acid tert-butvl ester 
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318 


o, jjvj- j-tv- 1 ^?^^^^~Aceiyiammo-3-ip 9 D-uiHUoro )-i - 
hydroxypropyL]-2-(3^ 
carboxylic acid tot-butyl ester 


527 
[M+Na] 


319 


hydroxypropyl]-3-methyI-2-(33 ? 3-trifluoropropoxy)- 
morpholine-4-carboxylic acid tert-butvl ester 


541 
[M+H] 


320 


V-^- r s- > Ojjjx.^ *j \\ i o ? ^.o ^-z-/\ceiyiainuio- j-^j> 5 z>-cuiiuoropjiciiyi 

hydroxypropyl]-2-(2-ethylbuto^^ 

carboxylic acid tot-butyl ester 


573 
[M+HC0 2 1 


321 


hydroxypropyl]-3-methyl-2-(tetrahy^ 
morpholine-4-carboxylic acidtert-butyl ester 


565 
[M+Na] 


322 


y^s^D o ,jj\.j-j'\x i o ^-z-Aceiyiarroiio- «3-(^>, j -cuiiuoropiienyi)- 1 - 
hy(koxypropyl]-3-methyl-2-(4 3 4 5 4-tri£luorobutoxy)-morpho 
4-carboxylic acid tert-butyl ester 


577 
[M+Na] 


323** 


OS 39 ^RY.5.IY19 99 > v 9 Arph/1flTniTin 3 ^ ri;fln^w»-»V.^«x7l\ 1 
? j ijj jiv/" L\ a o 5 z.o y ^. ~/\ce ty i aiiiiiio - j - ^ j , o -oinuoropnenyi )- 1 - 

hydroxypropyl] -2-(l -fluorocyclohexylmethoxy)-3-methyl- 

morpholine-4-carboxylic acid tert-butvl ester 


459 


324 


^zjk^j o,3iv;o-^ i j-z-Aceiyiainino- j-ip^-cuiiuoropnenyij- 1 - 
hydroxypropyl]-3-methyl-2-(4,4,4-trifluoro-2 > 2-dimethyl- 
butoxy)-morpholine-4-carboxylic acid tert-butyl ester 


527 
[M+H-tBu] 


325 


jo, jtv ^-j-(_^io 9 ^uy-z -/iceiyianuno-.? -\d 9 j -auiuoro -pnenyi )-i - 
hydroxy-propyl]-3-methyl-2-((5)-2-methyl-butoxy)-moipholine- 
4-carboxylic acid tat-butyl ester 


515.5 
[Ml 


326 


y^xs^j o, jis^o-^i ^-z-aceiy lam i tio-o - 9 d -Quauoropnenyi. j- x - 
hydroxypropyl]-2-(l-fluoromethyl-cyclopentylmethoxy)-3- 
methyl-morpholine-4-carboxylic acid tert-butyl ester 


581 
[M+Na] 


327 


^zic, ja, dkj-o-hi ^o;-z-acetyiariuno-J-Qi,j-cUiluoropnenyl)- 
1 -hydroxypropyl]-3 -methyl-2-( 1 -trifluoromethylcyclopropyl)- 
morpholine-4-carboxvlic acid tert-butvl ester 


589 
[M+Na] 


328 


OR 3S 5RV5-IY1S 2SV2-acetvlamino-3-r3 5-diflurm^T>hemvtt- 
l-hydroxypropyl]-2-(3,3-difIuoro-2,2-dimethyl-propoxy)-3- 
methyl-morpholine-4-carboxvlic acid tert-butyl ester 


573 
[M+Na] 


329 


(2R, 3S,5R)-5-[(l S^S)-2-Acetylanuno-3-(3,5-dffluoro-phenyl> 
1 -hydroxy-propyl] -2-( 1 -difluoromethyl-cyclopentylmethoxy)-3 - 
methyl-morphoIine-4-carboxylic acid tert-butvl ester 


621 
[M+HC02"] 


330 


(2R,3S,5R)-5-[(lS^S)-2-Acetylamino-3-(3,5-difluoro-phenyl)- 
1 -hydroxy-propyl]-2-(2,2-bis-fluoromethyI-butoxy)-3 -methyl- 
morpholiiie-4-carboxylic acid tert-butvl ester 


609 
[M+HCO2"] 


. 331 


(2R,3S,5R>5-[(lS^S)-[2-Acelylamino-3-(3,5-difluoro-pheiiyl)- 
1 -hydroxy-propyl] -2-cycIopentylmethoxy-3 -methyl-morpholine- 
4-carboxyIic acid tert-butyl ester 


471 
[M+H-t-Bu] 



*Glycosidation step may be performed as described in Preparation 306. 



Glycosidation step may be performed as described in Preparation 351. 
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Preparation 332 
(2R,3S,5R)-5-[(lS,2S)-2-Acetyla^ 

dimethylpropoxy)-3-ethylmoipholine-4-carboxylic acid tert-bntvl ester 
OS,5RV54flS:2S>l-benzvioxv-2-rt^ 
5 ethvl-2-oxomorpholine-4-carboxvlic acid tert-butvl ester 

Slowly add lithium hexamethyldisilazide (2.28 mL 5 2.28 mmol, 1.0 M in 
tetrahydrofuran) at -78 °C under nitrogen to a solution of (R)-5~[(lS,2S)-l-ben2yloxy-2- 
dibenzylamino-3-(3,5-difluorophenyl)^^ acid tert- 

butyl ester) (1 g, 1.52 mmol) and iodoethane (1.24 mL, 15.2 mmol) in anhydrous 
10 tetrahydrofuran (10 mL). Stir at -78 °C for 45 minutes, remove the bath, and stir for 1 .5 
hours. Add water and ethyl acetate. Separate the organic layer and extract the aqueous 
layer with ethyl acetate. Combine the organic layers, dry (sodium sulfate), filter, 
concentrate and purify (silica gel chromatography, eluting with 90:10 hexane:ethyl 
acetate) to give the desired compound as a white solid (848 mg, 82%). 
15 MS(ES): m/z = 685 

(2R.3 S,5RV 5-ff 1 S.2S V2-Amino-3-f 3 ,5-difl uoro phenvlV 1 -hvdroxvpropvl1-2-r2,2- 

dime ; flxvlpropoxv)"3"ethvlmorpholine-4-carboxylic acid tert-butvl ester 

Prepare (2R,3S,5R)-54(lS ? 2S>2-amino-3-(3,5-di£luorophenyl).l- 
20 hydroxypropyl]-2-(2,2-dimethylpropoxy^ acid tert-butyl 

ester essentially as described for the preparation of (2R,3S,5R)-5-[(l S,2S)-2-amino-3- 

(3,5-difluorophenyl)-l-hydroxypropyy 

carboxylic acid tot-butyl ester. 

MS(ES): tm/z = 487 
25 - 

f2R,3S,5RV54aS.2SV2-Acetvlam^ 

dimethvlr>ropoxvV3-ethvlmorpholine--4-carboxvlic acid tert-butvl ester 

Prepare (2R,3S,5R)-5-[(13,2S)-2-acetylamm 
hydroxypropyl]-2-(2,2-dimethylpropoxy acid tot-butyl 

30 ester essentially as described for the preparation of (2R,3S,5R)-5-[(l S 5 2S)-2-acetylamino- 

3- (3,5-dffluorophenyl)-l-hydroxypropyl]-2-(2^ 

4- carboxylic acid tert-butyl ester. 
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MS(ES): ™/z = 429|M + -BOC] 



The compounds of Preparations 333-334 may be prepared essentially as described 
in Preparation 332. In Preparation 335 the corresponding triflate may be used as the 
5 alkylating agent with potassium hexamethyldisilazane as the base. 



Prep 


Compound 


MS(ES) 
[M+Hl 


333 


(2R,3S 5 5R)-5-[(lS,2S)-2-Acetylamino-3-(3,5-difluorophenyl)- 
l-hydroxypropyl]-3-butyl-2-(2^-dimethylpropoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


579 
[M+Na] 


334 


(2R3S,5R)-5-[(lS,2S)-2-Acetylamino-3-(3,5-difluorophenyl)- 
l-hydroxydime&ylpropoxy)-3-(3-fluoropropyl)-morpholine-4- 
carboxylic acid tert-butvl ester 


356 
[M+HC0 2 T 




(R)-4-[(lR*2S)-3-(3,5-Difluoroph^^ 

1 0 dime1hyloxa2»Udine-3-carboxylic acid tert-butvl ester 

rS>-4-Formvl~2.2-dimetfavloxazoUdine-3-carboxvlic acid tert-butvl ester 

Add dropwise over 2 hours a solution of pyridine sulfur trioxide (390 g, 2452.83 
nxrnol) in dimethylsulfoxide (1600 mL) to a 6 °C maintained solution of (S)-4- 
hydxoxymethyl-2 5 2-dimetnyloxa^ acid tert-butyl ester (350 g, 

15 1515.15 mmol) in dnsopropylethylamine (1225 mL) with a dimethylsulfide trap. Over 30 
minutes add water (1050 mL) keeping temperature below 15 °C. Stir at 15 °C for 1.5 
hours under a stream of nitrogen. Extract with ethyl acetate (5 L) 3 wash with 5%'aqueous 
citric acid (2 x 1.5 L)> saturated aqueous sodium chloride (2 x 1.5 L) 9 dry (magnesium 
sulfate), filter, and concentrate to give the desired compound which is used in the next 

20 reaction without further purification (365 g). 
MS(ES): tm/z = 230 [M+H] 
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fRV4-rQR.2SV3-OJ-Difluoroph^ 
. dimethvloxazolidine-3-carboxvlic acid tert-butyl ester 

Add tetrabutylanmionium fluoride in 5 minutes (50 mL, 50 mmol, 1.0 M solution 
5 in tetrahydro&ran) to a solution of (S)^formyl-2 ? 2-dime11iyloxa2olidine-3-carboxylic 
acid tert-butyl ester (200 g, 873.362 mmol) and l^-difluoro-5-(2-nitroethyl)-benzene 
(164 g, 877.005 mmol) in tetrahydrofuran (1.2 L) at 8 °C. Allow to warm to room 
temperature and stir for 14 hours. Partition between ethyl acetate (4 L) and saturated 
aqueous sodium chloride (1 .5 L). Wash the organic layer with saturated aqueous 
10 ammonium chloride, saturated aqueous sodium chloride, water, dry (magnesium sulfate), 
filter and concentrate to give 379 g of a crude waxy pale orange solid. Recrystallize in 
dichloromethane/hexanes to give the title compound (137.15 g, 37.7%). 
MS (ES): m/z = 417 [M+H] 

15 Preparation 336 

(RM-[(lS a 2S)-l-Beaazyto^ 

dimethyloxazolidine-3-carboxylic acid tert-butyl ester 
<Tiy4-raS.2SV2-DibenzYlammo^ 
dimethvloxazolidine~3-carboxvlic acid tert-butyl ester 

20 Add benzyl bromide (75 mL, 630.55 mmol) to a suspension of potassium 

carbonate (85 g, 615.006 mmol) and (R)-4-[(lS^S)-2-amino-3-(3,5-difluorophenyl>l- 
hydraxypropyl]-2^-dimethyloxazolidine-3-carboxylic acid tert-butyl ester (80 g, 207.25 
mmol) in acetonitrile (900 mL). Heat to reflux for -16 hours, cool to room temperature, 
and dilute with ethyl acetate (2 L). Wash with ammonium chloride (1.5 L), saturated 

25 aqueous sodium chloride (1.5 L), dry (magnesium sulfate), filter, concentrate and purify 
(silica gel chromatography, eluting with 5:95 to 20:80 ethyl acetaterhexanes) to give the 
desired compound as a white solid (102.1 g, 87%). 
MS (ES): m/z = 567 [M+H] 

30 (RM-rflS^S>l-benzylo^ 

dimethyloxazolidine-3-cafboxylic acid tert-butyl ester 
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Add sodium hydride (4.4 g, 1 10 mmol, 60% in mineral oil) portionwise to a room 
temperature maintained solution of (R)-4-[(lS,2S)-2-dibenzylamm 
difluorophenyl)-l-hy<koxy^ acid tert-butyl 

ester (50.5 g, 89.222 mmol) and ben2yl bromide (22 mL, 184.96 mmol) in NJSf- 
5 dimethylformamide (400 mL). Stir for 15 minutes and pour into saturated aqueous 
ammonium chloride. Extract with ethyl acetate, dry (magnesium sulfate), filter, 
concentrate and purify (silica gel chromatography, eluting with 2:98 to 4:96 ethyl 
acetate:hexanes) to give the title compound as a viscous oil that solidifies upon standing 
(48.5 g, 83%). 
1 0 MS (ES): mJz = 657 [M+H] 

Preparation 337 

(2S,5R>5-[(1 S,2S)-2-Acetylam^ 

2-methylpropoxy)-morpholine-4-carboxylic acid tert-butyl ester 

15 Trifluoromethanesulfonic acid 2-fluoro-2-methvlpropy] ester 

Add trifluoromethansulphonic anhydride (4.3 mL, 26.0 mmol) to a solution of 2- 
fluoro-2-methylpropan-l -ol (2.0 g, 21.7 mmol) and 2,6-lutidine (3.0 mL, 26.0 mmol) in 
dichloromethane (25 mL) at -78 °C. Warm slowly to room temperature and stir at room 
temperature for 1 hour. Add water to quench the reaction, separate the organic layer and 

20 extract the aqueous layer with dichloromethane. Combine the organic layers, dry 

(magnesium sulfate), filter, concentrate and purify (silica gel chromatography, eluting 
with dichloromethane), to give the desired compound as an oil (3.4 g, 70% yield). 
^-NMR (300 MHz, CDC1 3 ,) 5 1 .46 (d, J= 21 Hz, 6H) and 4.41 (d, J= 1 8.6 Hz, 2H) 

25 (2S.5RV 5-IY 1 S.2S VI -benzvloxv-2-dibenzvlamino-3 -(3 ,5>difluorophenvlnropvl1>2-r2- 
fluoro-2~methvlpropoxv)"morpholine-4-carboxylic acid tert-butyl ester 

Add sodium hydride (0.09 g, 2.28 mmol, 60% dispersion in mineral oil) to (R)-5- 
[1 -ben2yloxy-2-dibenzylammo-3-(3,5~d^ 

carboxylic acid tert-butyl ester (l.Og, 1.52 mmol,) in dry N,N-dimethylformamide (12.0 
30 mL ) at room temperature and stir for 15 min. Add trifluoromethanesulfonic acid 2- 

fluoro-2-methylpropyl ester (0.05 g, 2.28 mmol) in dry N,N-dimethylformamide (2 mL), 
and stir for 1 hour. Add water to quench the reaction and extract the aqueous layer with 
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diethyl ether. Combine the organic layers, dry (magnesium sulfate), filter, concentrate 
and purify (silica gel chromatography, eluting with 100:0 to 60:40 hexanesrethyl acetate), 
to give the desired compound as white solid (0.68 g, 62% yield over two steps). 
MS (ES): m/z = 733 [M+Hf 

5 

r2S.5R>54(lS.2SV2-Aiimo-3-r3.5-d^ 
methvlpropoxvVmorpholine-4-carboxvlic acid text-butyl ester 

Stir (2S,5R)-5-[(lS,2S)-l -bexizyloxy-2-(Ubenzylainino-3-(3,5-difluorophenylprop- 
yl]-2-(2-fluoro-2-methylpropoxy)-morpholine-4-carboxylic acid tert-butyl ester (0.68 g, 
10 0.93 mmol) and 20% palladium hydroxide on carbon (0.68 g, 0.60 mmol, 60% moisture) 
in ethyl acetate (25 mL) under 1 atmosphere of hydrogen gas at room temperature 
overnight Filter the suspension through a pad of filtering agent, wash with ethyl acetate 
and concentrate to give the desired compound (0.40 g, 93%). 
MS (ES): m/z = 463 [M+fff 

15 

QS.5Ry5-raS,2Sy2-Acetvlammo-3-f3^ 
2-methvlpropoxv > l-morph61ine"4-carboxvlic acid tert-butyl ester 

Add acetic anhydride (0.084 mL, 0.91 mmol) to a solution of (2S,5R)-5-[(lS,2S)- 
2-amino-3-(3,5-difluorophenyl)-l-hydro^ 
20 oline-4-carboxylic acid tert-butyl ester (400 mg, 0.86 mmol) and triethylamine (0.81 mL, 
130 mmol) in dry dichloromethane (10 mL) at room temperature and stir for 4 hours, 
concentrate and purify (silica gel cartridge chromatography, eluting with 2:1 to 1 :2 
hexanes:ethyl acetate), to give the desired compound as a white solid (0.37 g, 80%). 
MS (ES): m/z = 505 [M+Hf 

25 

The compounds of Preparations 338-342 may be prepared essentially as described 



in Preparation 337. 



Prep 


Compound 


MS (ES) 


338 


(2R,5R)-5-[(lS,2S)-2-acetylamino-3-(3,5- 
hydroxypropyl]-2~(l -fluoromet^ 
4-carboxylic acid tert-butyl ester 


567 
[M+Na] 


339 


(2R, 5R)-5-[(lS, 2S>2-ac«1ylaniino-3-(3,5-difluorophenyl)-l- 
hydroxypropyl]-2-(l-difluoromethyl-cyclopentylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


585 
[M+Na] 
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340 


(2R, 5R)-5-[(lS,2S>2-Acetylamiao-3-(3 s 5-difluoro-phenyl)-l- 
hydroxy-propyl]-2-(l-fluoro-cyclopeiitylmethoxy)-moipholine-4- 
carboxylic acid tert-butyl ester 


575 [M+ 
HC0 2 T 


341 


(2R, 5R)-5-[(l S,2S>2-Acetylamino-3-(3 ,5-difluoro-phenyl)-l - 
hydroxy-propyl]-2-(2^-bis-fluoromefhyl-butoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


595 [M+ 
HC0 2 1 


342 


(2R,5R)-5-[(l S^S)-[2-Acetylainino-3-(3,5-difluoro-phenyl> 1 - 
bydroxy-propyl]-2-(4,4,4-trifluoro-2,2-dimethyl-butoxy)-morpholine- 
4-carboxylic acid tert-butyl ester 


569 
[M+H] 



Preparation 343 
3-Propylsulfanylbenzaldehyde 
Reflux a suspension of potassium carbonate (22.4 g), 1-iodopropane (10.3 niL) 
5 and 3-bromothiophenol (8.4 mL) in acetone (375 mL) for 5 hours. Cool to room 

temperature, filter through diatomaceous earth, and concentrate. Dissolve the residue in 
hexanes, filter through a silica gel plug, and concentrate to give l-bromo-3-propyl- 
sulfanylbenzene (18 g, 95%) as an oil (GC-MS: m/z = 231). Add this material (12 g) to a 
solution of n-butyllithium (57 mmol) in THF (50 mL) at -78 °C. Stir for 45 ruin, add 
1 0 N,N-dmiefhylformaniide (8.1 mL) and warm to room temperature. Stir for 15 min, pour 
into water (175 mL), and extract into diethyl ether (3 x 200 mL). Dry (magnesium 
sulfate), filter, concentrate and purify (silica gel chromatography) to give the title 
compound (7.3g, 92%). 
GC-MS: i*fc=180 

15 

The compound of Preparation 344 may be prepared essentially as described in 



Preparation 343. 



Prep 


Compound 


344 


3-Isobutylsulfanylbenzaldehyde 



Preparation 345 

20 3 -Fluoro-5-propylsulfanylbenzaldehy de 

Dissolve sodium propanethiolate (7.5g) in DMF (250mL) at ambient temperature, 
then chill to -30°C and add l-bromo-3,5-difluorobenzene (8.35 mL). After 1 hour, warm 
to — 15°C, and stir for an additional 3 hours. Pour into water (2 L) and extract into 
hexanes (3 X 500 mL). Wash the resulting organic solution with saturated aqueous 



WO 2006/034093 



PCT/US2005/033277 



-133- 

sodium chloride (100 mL), dry (magnesium sulfate), filter and concentrate. Filter through 
a plug of silica gel, wash with 10:90 ethyl acetate:hexanes and concentrate to give 1- 
bromo-3-fluoro-5-propyls\ilfanylbenzene (16.2 g, 90%). The title compound is prepared 
essentially as described in Preparation 343. 

5 



The compound of Preparation 346 may be prepared essentially as described in 
Preparation 345. 



Prep 


Compound 


346 


3-Fluoro-5-isobutylsulfanylbenzaldehyde 



Preparation 347 
10 , ^ — ' 

(2R,5R)-5-{(lS;2S)-2-Acetylamino~3-[3-(^^ 

2-(l-methylcyclopentylmethoxy)-morpholine-4-carboxylic acid tert-butvl ester 
f2R.5RV5-|Y 1 S>2SV2-AceMamino-3-r3-benCTloxvphenvlVl -hvdroxvpronvl%2-n- 
methvl"Cvclopentvlmethoxv)-morpholine-4-carboxvlic acid tert-butvl ester 

15 Add acetyl chloride (0.13 mL, 1 .82 mmol) to an ice cold solution of (2R,5R)-5-[2- 

amino-3 -(3 -benzyloxyphenyl)- 1 -hydroxypropyl]-2-(l -methylcyclopentylmethoxy)- 
morpholine-4-carboxylic acid tert-butvl ester (0.91 g, 1.652 mmol) and N,N-diisopropyl- 
ethylamine (0.58 mL, 3.30 mmol) in dichloromethane (20 mL). Stir 15 minutes and 
dilute with ethyl acetate and wash with 1 N hydrochloric acid, saturated aqueous sodium 

20 chloride, dry (magnesium sulfate) and purify (silica gel chromatography, elutin with 
dichloromethane/ethyl acetate) to give the desired compound (246 mg). 
MS (ES): m/z = 597 [M+H] 



(2R.5RV5-IT 1 S.2SV2-Acetylamino- 1 -hvdroxv-3-r3-hvdroxyphenvl)-pror>vn-2-r 1- 



25 methvlcvclopentvlmethoxv>-morpholine-4-carboxylic acid tert-butvl ester 



WO 2006/034093 



PCT/US2005/033277 



-134- 

Hydrogenate (2R,5R>5-[(lS,2S)-2-Acetylam^ 
hydroxypropyl]-2-(l-methylc^^ acid tert-butyl 

ester (244 rag) in methanol (15 mL) with 20% palladium hydroxide on carbon (26 mg) at 
50 psi hydrogen for 18 hours. Filter and concentrate to give the desired compound (204 
5 mg). MS (ES): m/z = 507 [M+H] 

QR.5RV5-(asaSV2-Are1^la n^ 

2~( l-methvlcvclopentvlmethoxYVmorpholine-4-carboxvlic acid tert-butvl ester 
Dissolve (2R,SR)-5-[(lS,2S)-2-acetylajim^ 

10 propyl]-2-(l-methylcyclopentylmethoxy)-moipholine-4-carboxylic acid tert-butyl ester 
(204 mg) and 2.2-difluoro-l-bromoethane (0.065 mL) and cesium carbonate (391 mg) in 
N y N-dimethylformamide (5 mL) and heat to 60 °C for 1 8 hours. Dilute with ethyl acetate, 
wash with saturated aqueous sodium chloride, dry and purify (silica gel chromatography, 
eluting with 1 : 1 ethyl acetate:dichloromethane), to give the desired compound (223 mg). 

15 MS (ES): m/z = 593 [M+Na] 

The compounds of Preparations 348-350 may be prepared essentially as described 



in Preparation 347. 



Prep 


Compound 


MS (ES) 
fM+H] 


348 


(2R,5R)-5-{(lS,2S)-l-Acetoxy-2-acetylamino-3-[3-(2,2- 
difluoroethoxy)-phenyl]-propyl} -2-(l -methylcyclopentylmethoxy)- 
morpholine-4-carboxylic acid tert-butvl ester 


635 
[M+Na] 


349 


(2R,5R)-5-[(l S,2S)-2-Acerylamino-l -hydroxy-3-(3-propoxyphenyl> 
pfopyl]-2-(l-methylcyclopentylmethoxy)-morpholine-4-carboxyIic 
acid tert-butvl ester 


571 
[M+Na] 


350 


(2R,5R)-5-[(lS,2S)-l-Acetoxy-2-acetylamino-3-(3-propoxyphenyl)- 
propyl]-2-(l-methylcyclopentylmethoxy)-morpholine-4-carboxylic 
acid tert-butvl ester 


613 
[M+Na] 



20 Preparation 351 

Dibenzyl-{(lS 5 2R)-2-benzylo^ 

fluorocyclohexyImethoxy)-5-methylmorpholin-3-yl]-e1hyl}-amine 
Add triphosgene (246 mg, 0.79 mmol) at room temperature to a solution of 
(3 S,5R)-5-[(lR,2S)- 1 -benzyloxy-2^ 
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methylmoipholin-2-ol (1 g, 1.75 mmol) and triethylamine (0.99 mL, 7 mmol) in 
anhydrous dichloromethane (17 m L). Stir for 30 min, cool to 0 °C and add (1- 
fluorocyclohexyl)-methanol (1.1 6g, 8.75 mmol) and trimethylsilyl trifluoromethane- 
sulfonate (TMSOTf) (0.64 mL, 3.5 mmol). Stir at 0 °C for 1 hour and at room 
5 temperature for 2 hours. Add more trimethylsilyl trifluoromethanesulfonate (0. 1 6 mL, 
0.87 mmol) and stir at room temperature for 30 min. Add 10% aqueous potassium 
carbonate, separate the organic layer and extract the aqueous layer with dichloromethane. 
Combine the organic layers, dry (sodium sulfate), filter, concentrate and purify (silica gel 
chromatography, eluting with 0:100 to 20:80 hexanes:ethyl acetate), to give the title 
10 compound as a colorless oil (375 mg). 
MS (ES): m/z = 687 [M+H] 

Preparation 352 
(2R,3 S,5R)-5-[(l S,2S)-2-Acetylam^ 
1 5 dimethylpropoxy)-3-methylmorpholine-4-carboxylic acid tert-butvl ester 

1 ~Ethvl-2-f 2-nitroethvlVbenzene 

Dissolve 2-ethyI benzaldehyde (7 mL, 53.2 mmol), nitromethane (8.5 mL, 158 
mmol), and ammonium acetate (1 .6 g, 20.8 mmol) in acetic acid (40 mL) and heat to . 
reflux under a nitrogen atmosphere for 17 hours. Cool to room temperature and 
20 concentrate. Dissolve in isopropyl alcohol (150 mL) and chloroform (750 mL) and add 
silica gel (108 g). To the resulting slurry, slowly add sodium borohydride (7.8 g, 206 
mmol). Stir the mixture for 1 7 hours, filter, concentrate and purify (silica gel 
chromatography, eluting with 0:100 to 10:90 ethyl acetate :hexanes), to give the desired 
compound as an orange oil. 
25 1 HNMR (400 MHz, CDC1 3 ) 5 7.12-7.26 (m, 4 H), 4.57 (t, J - 8.0 Hz, 2H), 3.67 (t, J = 8.0 
Hz, 2H), 2.68 (q, J == 8.0 Hz, 2H), L25 (t, J - 7.2 Hz, 3H) 

(2R3 S.5RV2-f2,2-DimethvlnropoxvV54riR.2S V3-r2-ethvlphenvlVl -hvdroxv>2- 
m1ropropvlV ^-methy1rnorpho1 me-4--carboxvlic acid tert-butvl ester 
30 To a 0 °C solution of l-ethyl-2-(2-nitroethyl)-benzene (430 mg, 2.40 mmol) and 

(2R,3 S,4R)-2-(2,2-dimethylpropoxy)-5-for^ acid 
tert-butyl ester (565 mg, 1 .79 mmol) in dry tetrahydrofuran (10 mL) add tetrabutyl- 
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aimaonium fluoride (1 .6 mL, 1 .6 mmol, 1.0 M in teixahydrofuran). After 30 minutes, 
pour into ethyl ether and wash with saturated aqueous sodium chloride followed by water 
(3x) and saturated aqueous sodium chloride again. Dry (magnesium sulfate), filter, 
concentrate andpurifiy (silica gel chromatography, eluting with 0:100 to 20:80 ethyl 
5 acetate:hexanes), to give an inseparable mixture of aldol product diastereomers 
containing the desired compound (524 mg, 59% overall). 
MS (ES): mfz = 493.2 [M-H] 

(2RJS.5Ry5-[aS.2SV2-AmmcH3^ 
10 dimethvlprot)OxvV3-methvlmorpholine-4--carboxvlic acid tert-butvl ester 

Dissolve the mixture of diastereomers from the previous reaction containing 
(21^3 S ? 5R)-2-(2,2-dimethy^ 

propyl]-3-methylmorpholine-4-carboxylic acid tert-butvl ester in dry methanol (12 mL) 
and add nickel (II) chloirde (267 mg, 2.06 mmol). To the resulting suspension, add 

15 sodium borohydride (284 mg, 7.5 mmol) portion-wise over 1 minute. After 30 minutes, 
quench with water and reduce the volume on the rotary evaporator. Add more water and 
saturated aqueous sodium chloride. Extract with ethyl acetate. Combine the extracts, dry 
(sodium sulfate), filter and concentrate to give a diastereomeric mixture of amines 
containing the desired compound as a light brown oil (418 mg, 85%). 

20 MS (ES): m/z = 465.5 [M+H] 

f2R.3S.5R)-5-r (1 S.2S)-2-Acetvlamino-3-r2-ethvlphenvlVl -hvdroxvpropvl1-2-(2.2- 
dimethvlpropoxvV3-me1hvlmorpholine-4-carboxvlic acid tert-butvl ester 

Dissolve the diastereomeric mixture of amines from the previous reaction which 

25 contains (2R,3S,5R)-5-[(lS 5 2S)-2-amino-3-(2-ethylphenyl)-l-h^ 

dimethylpropoxy)-3-methylmorpholine-4-carboxyIic acid tert-butyl ester (418 mg 3 0.9 
mmol) in dry dichloromethane (7 mL) under a nitrogen atmosphere and add acetic 
anhydride (90 jiL, 0.95 mmol) and triethylamine (150 pL, LI mmol). After 4 hours 
quench with methanol, concentrate and purify (silica gel chromatography) to give a 

30 mixture of amide diastereomers containing the title compound (243 mg). Purify the 

resulting mixture by HPLC, eluting with 65:35 acetonitrile:water with 8 jiM hydrochloric 
acid, to give the title compound as a single diastereomer (47 mg, 10% overall). 
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MS (ES): m/z = 529.3 [M+Na] 

Preparation 353 
(2R,3S,5R>5-[(1 S,2S>2-Acetylamino-3-(3-fluo^ 
5 propyl]-2-(2,2-dimethyl-propoxy)-3-meth^ acid tot-butyl ester 

3-bromo-5-fluoro-phenol 

Add aluminum chloride (13.51 g, 10138 mmol) to 1 -benzyloxy-3-bromo-5- 
fluoro-benzene (9.50 g, 33.79 mmol, prepared according to WO 03/101956) and 
dimethylaniline (40.96 g, 337.92 mmol) in dichloromethane (84 mL) at -0 °C under 
1 0 nitrogen and stir 1 0 minutes. Remove ice-batfi and stir 2 hours. Add 60 mL 2N 
hydrochloric acid dropwise. Separate layers and wash the organic layer with 2N 
hydrochloric acid (4x50mL). Extract the organic layer with 3N potassium hydroxide 
(4x50mL). Acidify with 5N hydrochloric acid and extract with dichloromethane 
(3x50niL). Dry the dichloromethane layer (sodium sulfate) and concentrate to give 4.3 g 
15 (66.6%) of the desired compound as an oil. 

l-bromo-3-fluoro-5-propoxv-benzene 

Add propyl iodide (5.74 g, 33.77 mmol) to 3-bromo-5-fluoro-phenol (430 g, 
22.51 mmol) and cesium carbonate (1 1.00 g, 33.77 mmol) in N,N-dimethylformamide 
20 (75 mL) and stir at room temperature 1 hour, then heat at 50 °C for 1 hour. Cool to room 
temperature and dilute with hexanes. Wash (water, IN lithium chloride, saturated 
aqueous sodium chloride), dry (magnesium sulfate), filter and concentrate to give the 
desired compound as a colorless oil, 4.40 g (83.8 %). 

^-NMR (400 MHz, CDC1 3 ) 5 6.85-6.80 (m, 2H), 6.55 (dt, 1H, J=6.4, 3.5 Hz), 3.88 & 
25 2H, J=6.6 Hz), 1.84-1.75 (m, 2H), L02 (t, 3H, J=7.5 Hz). 

3-Fluoro-5 -propoxy-benzaldeh vde 

Add n-butyl lithium (13 mL, 1.6M, 20.76 mmol) to l-bromo-3-fluoro-5-propoxy- 
benzene (4.40 g 5 18.88 mmol) in tetrahydrofuran (100 mL) cooled in a dry ice/acetone 
30 bath over -45 minutes, maintaining the internal temperature <-70 °. Stir 30 minutes and 
add N,N-dimethylformamide (2.76 g, 37.75 mmol) . Stir 30 minutes and remove cold 
bath. After 1 hour, quench with saturated aqueous ammonium chloride. Wash organic 
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layer with water and saturated aqueous sodium chloride. Dry (sodium sulfate), filter and 
concentrate to an oil. Purify on 120g silica gel eluting with 0 to 10% ethyl acetate in 
hexanes to give 2.26 g (65.7%) of the desired compound as an oil. 
X H-NMR (400 MHz, CDC1 3 ) 6 9.93 (d, 1H, J=1.8 Hz), 7.22-7.21 (m, 1H), 7.18-7.15 (m, 
5 1H) 9 6.88 (dt, 1H, >=6.3, 3.4 Hz), 3.99 (t, 2H, J=6.6 Hz), 1.90-1.81 (m, 2H), 1 .07 (t 9 3a 
J=7.5Hz). 

l-Fluoro-3-rflEV2-Ditro-vinvl>-5-propoxv-benzene 

Add ammonium acetate (2.63 g, 34.08 mmol) to 3-fiuoro-5-propoxy- 

10 benzaldehyde (2.25 g, 12.35 mmol) and nitromethane (3.09 g, 50.63 mmol) in acetic acid 
(41 mL) at room temperature and heat in 140 °C oil bath for 3 hours. Cool to room 
temperature and pour into water. Extract with ethyl acetate, dry over magnesium sulfate, 
filter and concentrate to afford 1.94 g (69.8%) of the desired compound as an oil. 
^-NMR (400 MHz, CDC1 3 ) 8 7.9 (d, 1H, J=13.6 Hz), 7.52 (d, 1H, J=13.6 Hz), 6.85-6.81 

15 (m, 2H), 6.73 (dt, 1H, J=6.4, 3.5 Hz), 3.93 (t, 2H, J-6.4 Hz), 1.87-1.78 (m, 2H), 1.05 (t, 
3H,J=7.5Hz). 

1 -Fluoro-3 -f 2-nitro-ethvl V5-propoxv-benzene 

Add sodium borohydride (1.30 g, 34.46 mmol) to l-fluoro-3-((E)-2-nitro-vinyl)-5- 

20 propoxy-benzene (1.94 g, 8.61 mmol) and silica gel (17 g) in chloroform (86 mL) and 
isopropanol (25 mL) at room temperature in portions over 5 minutes. Stir at room 
temperature 2 hours and filter. Concentrate Ihe filtrate and dissolve in ethyl acetate. 
Wash with water and saturated aqueous sodium chloride, dry over magnesium sulfate, 
filter and concentrate. Purify on 40 g silica gel eluting with 100:0 to 70:30 hexanesrethyl 

25 acetate to give 1 .1 g (56.2%) of the desired compound as an oil. 

*H-NMR (400 MHz, CDC1 3 ) 8 6.53-6.47 (m, 3H), 4.59 (t, 2H, J=7.3 Hz), 3.88 (t, 2H, 
J=6.6 Hz), 3.26 (t, 2H 5 J-7.5 Hz), 1.84-1.75 (m, 2H), 1.03 (t, 3H, J=7.5 Hz). 



30 



r2R,3S,5RV2-r2.2-Dimethyl-propoxv)-5-r3'-r3-fluoro-5-propoxv-phenvl)-l-hvdroxv-2- 



nitro-nropvn-3-methvl-morpholine-4-carboxvlic acid tert-butvl ester 

Add tetrabutyl ammonium fluoride (2 mL, 1 .0 M in tetrahydrofuran, 2. 1 5 mmol) 
to (2R,3 S,5R)-2-(2,2-dimethyl-propoxy)-5-fonn^ 
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acid tot-butyl ester (0.61 g, 1.94 mmol) and l-fluoro-3-(2-nitro-ethyl)-5-propoxy- 
benzene (0.48 g, 2.13 mmol) in tetrahydrofuran (4 mL) at —10 °C and stir 30 minutes. 
Pour into ice-cold saturated aqueous sodium chloride and separate the layers. Wash the 
organic layer with saturated aqueous ammonium chloride and saturated aqueous sodium 
5 chloride. Dry over magnesium sulfate, filter and concentrate to an oil. Purify on 80 g 
silica gel eluting with 100:0 to 50:50 hexanes:diethyl ether to give 0.683 g (65%) of the 
desired compound as a mixture of 2 major and 1 minor diastereomers. 
MS(ES*): m/z = 541.3. 

10 f 2R.3 S.5RVH 2 - AmiTi o-3-(3-fluoro-5-propoxv-phenvlV 1 -hvdroxv-propvll-2-r2.2- 
dimethvl-propoxvV3-methvl-morpholine-4-carboxvlic acid tert-butyl ester 

Add sodium borohydride (0.11 g, 2.92 mmol) to (2R,3S 3 5R)-2-(2^-dimethyl- 
propoxy)-5-[3-(3-fluoro-5-propoxy-ph^ 

morpholine-4-carboxylic acid tert-butyl ester (0.36 g, 0.66 mmol) and nickel chloride 
15 (0.14 g, 1 .06 mmol) in methanol (7 mL) at room temperature and stir 30 minutes. Add 
water (0.7 mL) and concentrate. Dilute with ethyl acetate and filter through celite. Wash 
(10 % potassium carbonate and saturated aqueous sodium chloride), dry (magnesium 
sulfate), filter and concentrate to give 0.340 g (100%) of the desired compound as a white 
solid. 

20 MS(ES): m/z = 513.5. 

(2R3 S.5RV5-rn S.2S V2-Acetvlamino-3-r3-fluoro-5-propoxv-phenvn-l -hvdroxv- 
propvl1-2-(2,2-dimethvl-propoxvV3-methvl-morDholine-4-carboxvlic acid tert-butvl ester 
Add acetic anhydride (0.07 g, 0.70 mmol) to (2R,3S,5R)-5-[2-Amino-3-(3-fluoro- 

25 5-propoxy-phenyl)-l-hydroxy-propyl]-2-(2 ? 2-dimethyl-propoxy)-3-methy 

carboxylic acid tert-butyl ester (0.34 g, 0.66 mmol) and triethylamine (0.10 g, 0.99 mmol) 
in tetrahydrofuran (6 mL) at room temperature and stir 1 hour. Dilute with ethyl acetate 
and wash with saturated aqueous ammonium chloride and saturated aqueous sodium 
chloride. Dry over magnesium sulfate, filter and concentrate. Purify on 12 g silica gel 

30 eluting with 100:0 to 20:80 hexanes:ethyl acetate to give 0.175 g of the desired compound 
as an oil. 
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Preparation 354 
(2R,3S,5R)-5-[(lS,2S)-2-Acetylam^ 
propyl]-2-(2,2-dimethyl-propoxy)-3-meth^ acid tert-butyl ester 

3-benzvloxv-5-fluoro-benzaldehvde 
5 Add n-butyl lithium (35 mL, 1 .6M, 55.96 mmol) over —15 minutes to l-bromo-3- 

fluoro-5-benzyloxy-benzene (14.30 g, 50.87 mmol) in tetrahydrofuran (300 mL) cooled 
in a dry ice/acetone bath, maintaining the internal temperature <-70 °. Stir 30 minutes 
and add N ? N-dimethylfonnamide (7.44 g, 1 01 .74 mmol). Stir 3 0 minutes and remove 
cold bath. After 1 hour, quench with saturated aqueous ammonium chloride. Wash 
10 organic layer with water and saturated aqueous sodium chloride. Dry (sodium sulfate), 
filter and concentrate to an oil. Purify on 120 g silica gel eluting with 100:0 to 90:10 
hexanes:ethyl acetate to give 3.75 g (32%) of the desired compound as an oil. 
X H-NMR (400 MHz, CDC1 3 ) 8 9.91 (d, 1H, J=0.9 Hz), 7.45-7.33 (m, 5H), 7.29 (s, 1H), 
7.18 (d, 1H, J=7.9 Hz), 6.95 (dt, 1H, J=6.2, 3.5 Hz), 5.12 (s, 2H). 

15 

1 -benzyloxy-3-fluoro-5-( (E)-2-nitro-vinyl)-benzene 

Heat 3-benzyloxy-5-fluoro-benzaldehyde (3.75 g 5 16.29 mmol), nitromethaue 
(4.08 g, 66.79 mmol) , and ammonium acetate (3.47 g, 44.96 mmol) in acetic acid (54 
mL) in 125 °C oil bath under nitrogen for 4 hours. Cool to room temperature and pour 
20 into ice/water. Extract with hexanes/ethyl acetate. Dry (magnesium sulfate), filter and 
concentrate. Purify on 120 g silica gel eluting with 100:0 to 80:20 hexanes:ethyl acetate 
to give 3.05 g (68.5%) of the desired compound as a yellow oil. 
*H-NMR (400 MHz, CDC1 3 ) 5 7.89 (d, 1H, J=14.1 Hz), 7.51 (d, 1H, J=13.6 Hz), 7.43- 
7.34 (m, 5H), 6.92 (s, 1H), 6.87-6.80 (m, 2H) 5 5.09 (s, 2H). 

25 

1 -benzyloxv-3-fluoro-5-r2-nitro-ethvl>-benzene 

Add sodium borohydride (1.69 g, 44.64 mmol) to 1 -benzyloxy-3 -fluoro-5 -((E)-2- 
nitro-vinyl)-benzene (3.05 g 5 1 1.16 mmol) and silica gel (22g) in chloroform (112 mL) 
and isopropanol (33 mL) at room temperature in portions over 5 minutes. Stir at room 
30 temperature 90 minutes and filter. Concentrate and dissolve in ethyl acetate. Wash (10% 
potassium carbonate and saturated aqueous sodium chloride), dry over magnesium 
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sulfate, filter and concentrate. Purify on 120 g silica gel eluting with 100:0 to 80:20 
hexanes:ethyl acetate to afford 1.33 g (43.3%) of the desired compound as an oiL 
! H-NMR (400 MHz, CDC1 3 ) 8 7.42-7.32 (m, 5H), 6.62-6.58 (m, 2H), 6.53 (dt, 1H, J=5.3, 
3.1 Hz), 5.03 (s, 2H), 4.59 (t, 2H, J=7.3 Hz), 3.27 (t, 2H, J=7.3 Hz). 

5 

f2R3S.5RV5-r3-r3-ben2ryloxv-5-fluoro^^ 

dimethvl-propoxvV3-methvl-m^ acid tert-butvl ester 

Add tetrabutyl ammonium fluoride (14 mL, 1 ,0M in tetrahydrofuran, 14.30 mmol) 

to (2R3S,5R)-2-(2,2-dimethyl-propoxy)-5-f^^ 
10 acid tert-butyl ester (4.06 g, 12.88 mmol) and l-Benzyloxy-3-ftuoro-5-(2-nitro-ethyl)- 

benzene (3.90 g, 14.17 mmol) in tetrahydrofuran (26 mL) at —10 °C and stir 30 minutes. 

Pour into ice-cold saturated aqueous sodium chloride and separate the layers. Wash the 

organic layer with saturated aqueous ammonium chloride and saturated aqueous sodium 

chloride. Dry over magnesium sulfate, filter and concentrate to an oil. Purify on 330g 
1 5 silica gel eluting with 100:0 to 50:50 hexanes:diethyl ether to give 5.89 g (77.4%) of the 

desired compound as a mixture of 2 major and 1 minor diastereomers. 

M3(ES> m/z = 589.3. 

qR.3S.5RV5-r2-Ammo-3-f3-be^ 

20 dimethvl-propoxv > )--3-methvl-morpholine-4-carboxvlic acid tert-butvl ester 

Add sodium borohydride (1.66 g, 43.87 mmol) to (2R,3S,5R)-5-[(lR,2S)-3-(3- 
benzyloxy-5-fluoro-phenyl)- 1 -hydroxy-2-nitro-propyl] -2~(2,2-dimethyl-propoxy)-3 - 
methyl-morpholine-4-carboxylic acid tert-butvl ester (5.89 g, 9.97 mmol) and nickel 
chloride (2.07 g, 15.95 mmol) in methanol (100 mL) at room temperature and stir 30 

25 minutes. Add water (~10 mL) and concentrate. Dilute with ethyl acetate and filter 

through celite. Partition between ethyl acetate and saturated aqueous sodium chloride. 
Wash the organic layer with saturated aqueous sodium chloride, dry (sodium sulfate), 
filter and concentrate to give 4.32 g (77.3%) of the desired compound as a white solid. 
MS(ES): m/z = 561.3. 

30 

r2R3S,5RV5-rnS.2S>2-Acetvlammo-3^ 

propvU-2-(2,2-dimethvl-propoxv)-3-methvl-morpholine-4-carboxvlic acid tert-butvl ester 
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Add acetic anhydride (0.83 g, 8.09 mmol) to (2R,3S,5R)-5-[2-aniino-3^^ 
benzyloxy-5-fluoro-phenyl)-l-hydroxy-propyl]-2-^ 

morpholine-4-carboxylic acid tert-butvl ester (4.32 g, 7.70 mmol) and triethylamine (1.17 
g, 1 1.56 mmol). in tetrahydrofuran (73 mL) and stir at room temperature 1 hour. Pour into 
5 ethyl acetate and wash with saturated aqueous ammonium chloride and saturated aqueous 
sodium chloride. Dry (magnesium sulfate), filter and concentrate. Purify on 330 g silica 
gel eluting with 100:0 to 40:60 hexanes:ethyl acetate to give 0.850 g of the desired 
compound as an oil. 
MS(ES): m/z = 603.5. 

10 

(2R3S.5R>5-raS,2SV2-Acetvl^^ 

propyl! -2-f 2 .2 -dime1hvl-pTOTOxvV3 -methvl-morpholme-4-carboxvlic acid tert-butvl ester . 

Stir (2R,3S,5R>5-[(lS,2S)-2-acetylai 
hydroxy-propyl]-2-(2,2-dimethyl^^ acid tert- 

15 butyl ester (0.81 g, 1.34 mmol) and 10% palladium on carbon (0.50 g, 1.41 mmol) in 

ethanol (20 mL) under a hydrogen atmosphere for 3 hours. Filter and concentrate to give 
0.652 g (94.7%) of the desired compound as a white solid. 
MS(ES"): m/z = 511.2. 

20 S,5R)-5-rq S.2SV2-Acetvlamino-3-f 3-fluoro-5-isobutoxv-phenvn-l-hvdroxv- 

propvlV2-f2.2-dime1hvl-propoxvV3-methvl-morpholine-4-carboxvlic acid tert-butvl ester 
Add l-bromo-2-metiiyl-propane (0.05 g, 0.35 mmol) to (2R,3S s 5R>5-[(lS,2S)-2- 
acetylamino-3-(3-fluoro-5-hydroxy-phenyl)-l-hydroxy-propyl]-2-(2 ? 2- 
propoxy)-3-methyl-morpholine-4-carboxyhc acid tert- butvl ester (0.12 g, 0.23 mmol) and 

25 cesium carbonate (0.15 g, 0.46 mmol) in N 5 N-dimethylformamide (3 mL) under nitrogen 
and heat in a 60 °C oil bath for 2.5 hours. Cool to room temperature and dilute with ethyl 
acetate. Wash (0.1N citric acid, 10% potassium carbonate, saturated aqueous sodium 
chloride), dry (magnesium sulfate), filter and concentrate. Purify on 12 g silica gel 
column eluting with 100:0 to 40:60 hexanes:ethyl acetate to give 0.072 g (54.5%) of the 

30 title compound as a white foam. 
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The compounds of Preparations 355 — 360 may be prepared essentially as 



described in Preparation 354. 



Prep. 


Compound 


MS 
(ES+) 


355 


(2R,3S,5R>5-{(lS ? 2S)-2-Ace^^ 

fluoro-phenyl]-l-hydroxy-propyl}-2-(2,2-dirnethyl-propoxy)-3- 
methyl-morpholine-4-carboxylic acid tert-butyl ester 


597.5 


356 


(2R,3S,5R)-5-{(l S ? 2S>2-Ace4yla^ 
butoxy)-phenyl]-l-hydroxy-pr^^ 
methyl-mqrpholine-4-carboxylic acid tert-butyl ester 


527.2 
(loss of 
t-Bu) 


357 


(2R,3S 3 5R)-5-[(lS 3 2S>2-Acetylainino-3-(3-allyloxy-5-'fluoro- 
phenyl)-l-hydroxy-propyl]-2-(2,2-dimel!iyl-propoxy)-3-methyl- 
morpholine-4-caxboxylic acid tert-butyl ester 


553.5 


358 


(2R3S,5R)-5-{(lS£S)-2-Acetyl^ 
2-enyloxy)-phenyl]-l -hydroxy-propyl 
methyl-moipholine-4-carboxylic acid tot-butyl ester 


581.5 


359 


(2R,3 S,5R>5- { ( 1 S;2S)-2-Acetyl^^ 
ethoxy)-phenyl]-l-hydroxy-propyl}-2-^^^ 
methyl-morpholine-4-carboxylic acid tert-butyl ester 


595.5 


360 


(2R,3S,5R)-5-{(l S 5 2S>2-Acetylamino-3-[3-fluoro-5-(2-fluoro- ~ 
ethoxy)-phenyl] -1 -hydroxy-propyl} -2-(3 -fluoro-2£-dimethyl- 
propoxy)-3-methyl-morpholine-4-carboxylic acid tert-butyl ester 


635.3 
[M+ 
AcO"] 



Preparation 361 

5 4,4-dMuoro-6-methylheptanoic acid 

Benzyl 6-methvl-4-oxoheptanoate 

Add benzyl chloroformate (0.712 g, 4.17 mmol), triethylamine (0.464 g, 4.59 
mmol), and 4-dimethylaininopyridine (0.051 g 5 0.42 mmol) to a solution of 6-methyl-4- 
oxo-heptanoic acid (0.66 g, 4.17 mmol) in dichloromethane (13 mL) at 0°C. Stir at 0°C 
10 for 1 hour. Add saturated aqueous ammonium chloride (30 mL). Extract with dichloro- 
methane (1x50 mL). Dry organic phase over magnesium sulfate and concentrate under 
reduced pressure. Subject residue to silica gel chromatography, eluting with 0-50% ethyl 
acetate in hexane to provide 0.87 g (84.1%) of the desired compound. 
GCMS: m/z = 248.0 [M] 

15 

Benzvl 4.4-difluoro-6-methvlheptanoate 

Add bis(2-methoxyethyl)aminosulfur trifluoride (Deoxo-fluor™, 0.606 g 5 2.74 
mmol, Aldrich) and ethanol (0.019 mL) to a solution of benzyl 6-methyl-4-oxo- 
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heptanoate (0.40 g, 1.61 mmol) in dichloromethane (0.8 inL) in a plastic vessel at 40°C 
for 4 days. Add Deoxo-fluor™ (1.7 equivalents) and stir 24 hours at 60°C. Add 25 mL 
aqueous sodium bicarbonate. Extract with dichlorometh-ane (2 x 50 mL). Concentrate 
the organic phase under reduced pressure and subject the residue to silica gel 
5 chromatography, eluting with 0-15% ethyl acetate in hexane to provide the desired 
compound (0.096 g, 22.0%) 

GCMS: m/z = 270.0 [M] < 
Denrotection 

1 0 Add 0.01 g 10% palladium on carbon to a solution of benzyl 4 ? 4-difluoro-6- 

methyl heptanoate (0.095 g, 0:35 mmol) in 3.5 mL tetrahydrofuran. Hydrogenate under 
balloon pressure over night Filter through a pad of celite and wash with pad with ethyl 
acetate. Concentrate under reduced pressure to provide 0.068 g of the title compound. 
MS: m/z = 179.1 [M-l] 

15 

Preparation 362 
2-fluoropropionic acid 
Heat a solution of ethyl 2-fluoropropionate (0.30 g, 2.50 mmol) in 5M sulfuric 
acid (5 mL) at 120°C for 1 hour. Saturate the solution with sodium chloride and extract 
20 with diethyl ether (4 x 40 mL). Dry the combined organic extracts with magnesium 
sulfate and concentrate under reduced pressure to provide 0.18 g (78.3%) of the title 
compound. 

GCMS: m/z - 92.0 [M] 

Preparation 363 

25 • 4 9 4 9 4-trifluoro-2»methylbut-2-enoic acid 

Heat a solution of ethyl 4 ? 4 3 4-trifluoro-2-methylbut-2-enoic acid (0.544 g 5 2.99 
mmol) in 5M sulfuric acid (5 mL) at 120°C for 2.5 days. Saturate the solution with 
sodium chloride and extract with diethyl ether (1 x 40 mL). Dry the organic phase with 
magnesium sulfate and concentrate under reduced pressure to provide 0.288 g (62.6%) of 

30 the title compound. 

MS: m/z - 153.2 [M-l] 
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Preparation 364 
N,N-dipropyl 2-methylsuccinatnic acid 
Add 40% palladium on carbon (0.064 g) to a solution of (E)-3-dipropylcarbamoyl- 
2-methylacryIic acid (0.20 g, 0.94 mmol) in tetrahydrofuran (20 mL). Hydrogenate at 60 
5 psi for 1 8 hours. Filter through a filtering agent and concentrate filtrate under reduced 
pressure. Subject residue to silica gel chromatography, eluting with dichloromethane 
containing 10-40% of 5% (2:1 methanolracetic acid) in dichloromethane to provide the 
title compound (0.1 34 g, 66.4%). 
MS: m/z = 216.2 [M+l] 

10 

Preparation 365 
cis-2-(methyl-propylcarbamoyl)-cyclopropane carboxylic acid 
Add diisopropylethylamine (2.68 mL, 15.4 mmol) and cis-cyclopropane-1,2- 
dicarboxylic acid (0.50 g, 3.84 mmol) to a slurry of 2-chlorotrityl chloro resin (3.00 g, 

15 Nova Bio) in 7:1 dicMoromethane:dimethylformamide (10.0 mL). Stir over night and 
then filter the slurry. Wash the resin with 17:2:1 dichloromethane:methanol:dimethyl- 
fonnamide (3 x 20 mL) followed by dichloromethane (3 x 20 mL). Add the filtered resin 
to a solution of diisopropylethylamine (1.34 mL, 7.69 mmol), methylpropylamine (0.788 
mL, 7.69 mmol), 0-benzotriazol-l-yl-N,N,^ 

20 phate (HBTU) (2.915 g, 7.69 mmol), and HOBT (1.177 g, 7.69 mmol) in dimethylform- 
amide (1 0 mL) and shake for 2.5 days. Filter and wash the resin with dimethylformamide 
(3 x 20 mL) and dichloromethane (5 x 20 mL). Add trifluoroacetic acid (1 mL) to a 
slurry of the washed resin in dichloromethane (20 mL). Shake for 45 minutes and filter. 
Wash the resin with dichloromethane (2 x 20 mL) and concentrate this filtrate under 

25 reduced pressure. Subject the residue to silica gel chromatography, eluting with 

dichloromethane containing 10-40% of 5% (2:1 methanol:acetic acid) in dichloromethane 
to provide the title compound (0.247 g, 34.7%). 
MS: m/z = 186.2 [M+l] 



30 Preparation 366 

f4-/~> ~trans -2-difluoromethvl-cvclopropane carboxylic acid 
f-4-AVtrans-cvclopropane-1.2-dicarboxvlic acid monoethvl ester 
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Add a solution of 0.709 g (17.72 mmol) sodium hydroxide in 7.38 mL ethanol to a 
solution of (+/-)-tons-cyclopropane-l,2-dicarboxylic acid diethyl ester (3.00 g, 16.11 
mmol) in 36.9 mL acetone. Stir at room temperature for 24 hours. Pour reaction mixture 
into 1 00 mL water and extract with ethyl acetate (1 x 70 mL). Acidify the aqueous layer 
5 with 5N HC1 and concentrate under reduced pressure. Add ethyl acetate and filter the 
resulting slurry. Concentrate the filtrate under reduced pressure to provide the desired 
compound (2.26 g 9 88.7%). 
MS: m/z - 157.2 [M-l] 

10 r+/-)-trans-2-hvdroxvmethvl-cvclopropanecarboxvlic acid ethyl ester 

Add isobutylchlorofprmate (0.41 mL, 3.16 mmol) and N-methylmorpholine (0.35 
mL, 3.16 mmol) to a solution of f4-/- Vtrans -cvclopropane-L2-dicarboxvIic acid mono- 
ethyl ester (0.50 g, 3.161 mmol) in tetrahydrofuran (21 mL) at -50°C. Stir for 5 minutes 
and then filter into a slurry of sodium borohydride (0.084 g, 2.21 mmol) in tetrahydrofur- 

15 an (9 mL) and cool to -50°C. Warm to room temperature over night and then add 9 mL of 
water. Remove tetrahydrofuran under reduced pressure and extract aqueous layer with 
diethyl ether (3 x 20 mL). Wash combined organic layers with saturated aqueous sodium 
chloride and dry over magnesium sulfate. Concentrate under reduced pressure and 
subject residue to silica gel chromatography eluting with 25-65% ethyl acetate in hexanes 

20 to provide the desired compound (0.224 g, 49.1%). 
GCMS: m/z = 144.0 [MJ 

(+AVtrans-2-formvl-cvclor>ror>anecarboxvlic acid ethyl ester 

Cool a solution of (+/-)-trans-2-hydroxymethyl-cyclopropanecarboxylic acid ethyl 

25 ester (0.22 g, 1 .53 mmol) in 1 .5 mL DMSO to 0°C. Add to the frozen solution triethyl- 
amine (0.85 mL, 0.62 mmol) followed by sulfur trioxide pyridine (0.49 g, 3.05 mmol). 
Warm reaction mixture to 12°C over 3.5 hours, dilute with diethyl ether (80 mL), and 
wash with 5% aqueous citric acid (3 x 20 mL) followed by saturated aqueous sodium 
chloride (1 x 20 mL). Dry over magnesium sulfate and concentrate under reduced 

30 pressure to provide the desired compound. 
GCMS: m/z = 142 [M] 



WO 2006/034093 



PCTYUS2005/033277 



-147- 

W-Vtrans-2-difluoromethvl-cvclopropanecarboxvlic acid ethyl ester . 

Add a solution of Deoxo-fluor™ (0.32 mL, 1.73 mmol) in 0.3 mL 
dichloromethane to a solution of (4- A Vtrans -2-formyl-cyclopropanecarboxylic acid ethyl 
ester (0.145 g, 1.02 mmol) in 0.5 mL dichloromethane. Stir the reaction mixture for 16 
5 hours, pour into saturated aqueous sodium bicarbonate (15 mL), and extract with 

dichloromethane (3 x 20 mL). Dry the combined organic extracts over sodium sulfate, 
concentrate under reduced pressure, and subject residue to silica gel chromatography, 
eluting with 25-65% ethyl acetate in hexanes to provide the desired compound (0.087 g, 
52.2%). 

10 

Ester hydrolysis 

Add 1.32 mL 2M LiOH to a solution of (4-A)- trans- 2-difLuoromethyl-cvclopro- 
panecarboxylic acid ethyl ester (0.087 g, 0.53 mmol) in tetrahydrofuran (13.3 mL). Stir 
for 4 hours and then concentrate under reduced pressure to a volume of about 1 .5 mL. 
15 Dilute with water (10 mL) and extract with diethyl ether (1 x 25 mL). Acidify the 

aqueous layer with 1 .0 N HC1 and extract with diethyl ether (5 x 25 mL). Dry combined 
organic layers over magnesium sulfate and concentrate under reduced pressure to provide 
the title compound as a yellow oil (0.057 g, 79.6%) 
MS: mfz = 135.2 [M-l] 

20 

Preparation 367 
(4-A Vtrans -2-fluoromethyl-cvclopropane carboxylic acid 
The title compound is prepared by reacting (+A Vtrans -2-hydroxymethyl- 
cyclopropanecarboxylic acid ethyl ester with Deoxo-fluor™ followed by ester hydrolysis 
25 essentially as described in Preparation 366. 
GCMS: m/z = 118.0 [M] 

Preparation 368 
3 -butyl-5-fluorobenzaldehyde 
30 3-bromo-5-fluorobenzaldehyde 

Add dropwise a solution of l,3-dibromo-5-fluorobenzene (12.39 mL, 98.5 mmol) 
in tetrahydrofuran (20 mL) to a solution of n-butyllithium (64.61 mL, 103.4 mmol, 1.6 M 
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in hexanes) in tetrahydrofiiran (55 mL) at -78°C. Stir at -78°C for 45 minutes, add 
dimethylformamide (7.62 mL, 98.5 mmol), stir at -78°C for 1.5 hours, remove cooling 
bath and stir 10 minutes. Add saturated aqueous ammonium chloride (150 mL) and 
extract with diethyl ether (2 x 700 mL). Wash combined organic layers sequentially with 
5 water (1 x 300 mL) and saturated aqueous sodium chloride (1 x 300 mL). Dry over 

magnesium sulfate and concentrate under reduced pressure. Subject residue to silica gel 
chromatography, eluting with 0-1 0% ethyl acetate in hexanes to provide the desired 
compound (1 1.05 g, 55.3%). 
GCMS: m/z = 203.0 [M] 

10 

3-butvl-5-fluorobenzaldehyde 

Add butylzinc bromide (49.3 mL 5 24.6 mmol, 0.5 M in THF) followed by 
Pd(dppfhCl 2 dichloromethane complex (1.01 g, 1.23 mmol) to a solution of 3-bromo-5- 
fluorobenzaldehyde (5.00 g, 24.6 mmol) in tetrahydrofuran (123.1 mL). Stir at room 

15 temperature in a sealed vessel flushed with nitrogen for 1 8 hours. Add saturated aqueous 
ammonium chloride (125 mL). Separate the layers and extract the aqueous layer with 
ethyl acetate (1 x 300 mL). Wash combined organic layers with saturated aqueous 
sodium chloride, dry over magnesium sulfate and concentrate under reduced pressure. 
Subject residue to silica gel chromatography, eluting with 0-10% ethyl acetate in hexanes 

20 to provide the title compound (3.43 g 5 77.3%). 
GCMS: m/z = 180.0 [M] 

Beginning with nitromethane and appropriately substituted benzaldehydes and 
formylmorpholines, the following compounds may be prepared essentially as described in 
25 Preparation 188. 



Prep 


Compound 


MS (ES) 
[M+Nal 


369 


(2R,3S,5R)'5-[(lS,2S)-2-Acetylamino-l-hydroxy-3-(4-fluorophenyl)- 
propyl]-2-(2,2-dimethylpn>poxy)-3-methylmorpholine-4-carboxylic 
acid tert-butyl ester 


519.3 


370 


(2R,3S,5R)-5-[(lS,2S)-2-Acetylamino-l-hydroxy-3-(3-(trifluoro- 
methylthio)phenyl)-propyl]-2-(2,2-dimethylpropoxy)-3-methyl- 
morpholine-4-carboxylic acid tert-butyl ester 


601.3 


371 


(2R,3S,5R)-5-[(lS^S)-2-Acetylamino-l-hydroxy-3-(3-fluorophenyl)- 
propyl]-2-(2,2-dimethylpropoxy)-3-methyl-morpholine-4-carboxylic 


519.2 
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acid tert-butvl ester 




372 


(2R,3 S,5R)-5-[(l S,2S>2-Acetylamino-l -hydroxy-3-(2,4-difluoro- 

phenyl)-propyl]-2-(2,2~dimethylpropoxy>^ 

carboxylic acid tert-butvl ester 


537.3 


373 


(2R,3S 3 5R)-5-[(lS ? 2S)-2-Ace^^ 
methyl)phenyl)-propyl]-2-(2^-dime^ 
morpholine-4-carboxylic acid tert-butvl ester 


569.3 



Preparation 374 

(1 S,2S)-2-Aniino-3-(3,5-difluorobenzyl)-l -[(3R,5S,6R)-6-(2 ! 2-di-.(fluoromethyl)prop- 
oxy)-5-methylmorpholin-3-yl]-propan- l-ol 
5 Dibe^l-(flS:2SV2-benzvloxv-l-f3.5^^ 
(fluoromethvOpropoxyV^ 

React 2,2-di-(fluoromethyl)propanol (2.172 g, 17.5 mmol) with (3S,5R>5- 
[( 1 S,2 S)- 1 -benzyloxy-2-diben2ylarnino-3-(3 ,5 -difluorophenyl)-propyl]-3-me11tylmorpb-- 
olin-2-ol (2.004 g, 3.5 mmol) essentially as described in Preparation 307 to provide 1.0 g 
10 of the desired compound. 

Deprotection 

Charge a deoxygenated solution of dibenzylT{(lS s 2S)-2-benzyloxy-l-(3,5- 
difluoix>benzyl)-2- [(3 R,5 S ,6R)-6-^ 
1 5 yl]-ethyl} -amine (0.95 g, 1 .399 mmol) in tert-butanol (1 7.48 mL) with 20% palladium(II) 
hydroxide on carbon (2.137 g, 3.06 m m ol) and hydrogenate at 60 psi for 4 hours. Dilute 
reaction mixture with ethyl acetate and filter through Celite™. Concentrate filtrate to 
provide the title compound (0.571 g). 

20 Preparation 378 

(lS,2S)-2-Ammo-3-(3 5 5-difluorop^ 

morpholin- 3 -yl] -propan- 1 -ol 
(2R.SR)-5-{qs:2SV2-Dibepz^^ 

r2.2-di-f£[uoromethvl>-propoxv)-morpholine-4-carboxvlic acid tert-butvl ester 
25 React (3S,5R)-5-{(l S 5 2S)-2-Diben2ylamino-3-^ 

propyl} -2-hydroxymorpholine-4-carboxylic acid tert-butvl ester (1.0 g, 1.52 mmol) with 
trifluoromethanesulfoiiic acid 2,2-di-(fluoromethyl)propyl ester (584 mg, 2.27 mmol) 
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essentially as described in Preparation 306 to provide 1.0 g (86%) of the desired 
compound. 

(2R.3S.5R>5-mS.2Sy2-Arnmo-3^ 
5 (fluoromelfavlVpropoxvVmorpholine-4-carboxvlic acid tert-butvl ester 

Charge a deoxygenated solution of (2R,3S 5 5R)-5-{(lS 3 2S>2-dibenzylarnino-3» 
[3,5-difluorophenyl]-l-benzyto^ 

rnorpholine-4-carboxylic acid tert-butvl ester (1.0 g, 1.3 mmol) in 16.99 mL ethyl acetate 
with 20% palladium(II) hydroxide (L0 g, 1.40 mmol) and hydrogenate at atmospheric 
10 pressure over night. Filter the reaction mixture through Celite™ and concentrate the 

filtrate under reduced pressure to provide 0.629g (98%)of the desired compound in crude 
form. 

N-Deprotection 

15 Add cold (0°C) trifluoroacetic acid to (2R,3 S,5R>5- { ( 1 S,2S)-2-amino-3-[3 3 5- 

difluorophenyI]-l -hydroxy-propyl^ 

carboxylic acid tert-butvl ester (364 mg 3 0.73 mmol) and stir the solution at 0°C for 10 
minutes. Allow reaction mixture to warm to room temperature over 20 minutes and 
concentrate under reduced pressure. Dissolve resultant oil in ethyl acetate and add 
20 saturated aqueous sodium bicarbonate. Wash the organic layer with saturated aqueous 
sodium bicarbonate, dry over sodium sulfate, and concentrate to provide the title 
compound. 

Preparation 378 

25 (1 S,2S)-2-Amino-3-(3-isopropylsulfanyl-5-fluorophenyl)-l -[(3R,5S,6R>6-(2 ,2-di- 

(fluoromethyl)propoxy)-5-methy]morpholin-3-yl]-propan-l-ol 
Heat amixture of (lS,2S)-2-Amino-3-(3,5-diflu^^ 
di-(fluoromethyl)propoxy)-5-methylmorpholin-3-yl]-propan-l-ol (91 mg, 0.22 mol) and 
sodium 2-propanethiolate (328 mg, 3.34 mmol) in N-methylpyrrolidin-2-one (2.0 mL) at 
30 90°C in a sealed tube for 1 hour. Cool the reaction mixture to room temperature, dilute 
with methanol, add ammonium chloride (192 mg, 3.34 mmol), and mix well. Load 
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mixture on SCX™ column and elute with 2.0 M ammonia in methanol to provide the 
desired compound (60 mg, 58%). 
MS(ES): m/z = 465 |M*+H] 

The compounds of Preparations 379-381 maybe prepared essentially as 



5 described in Preparation 378. 



Prep 


Compound 


MS(ES) 


379 


(lS,2S)-2-Amino-3-(3-propylsulfanyl-5-fluorophenyl)-l- 
(3R,5S,6R)-6-(2^-di-(fluoromethyl)propoxy)-5- 
methylmorpholin-3 -yl] -propan- 1 -ol 


451 
[M++H] 


380 


(lS 5 2S)-2-Amino-3-(3-(2-methylprop-2-yl)sulfanyl-5- 
fluorophenyl)-l-(3R,5S,6R)-6-(2,2-di-(fluoromethyl)propoxy)-5- 
methylmorpholin-3-yll-propan-l -ol 


479 
[JVT+H] 


381 


(lS^S)-2-Amino-3-(3-phenylsulfanyl-5-fluorophe;nyl)-l- 
(SI^SS^Rj-e^^-di-Cfluoromethy^propoxyJ-S- 
methylmorpholin-3 -yl] -propan- 1 -ol 


499 
[M++H] 



Preparation 382 
(2R,3 S,5R)-5-[(l S^S)-1 -Hydroxy-2-amino-3-(3-p^ 
fluoro-2,2-dimethylpropoxy)-3-meft^ acid tot-butyl ester 

10 (2R3S.5RV 5-f (1 S.2SV 1 -beiizyloxy-2-dibenzvla 

f3-fluoro-2.2-dimethvlpropo^ acid tert-butvl ester 

Beginning with (38,5^-54(1 S,2S)-l-Beiizyloxy-2-diben2ylamino-3-(3 > 5- 
difluorophenyl)-propyl]-3-methylmorpholin-2-ol 5 the desired compound may be prepared 
essentially as described in Preparation 307. 

15 

(2R.3 S.5RV5-[Y 1 S.2SV1 -beriCTloxv-2-dibenzvlamino-3-(3-propoxv-5-fluorophenvl)- 
propYll-2-f3-fluoro-2J>-dimethyl^^ acid tert- 

butvl ester 

Stir a mixture of sodium hydride (115 mg, 2.89 mmol, 60% in mineral oil) in N- 
20 methyl-2-pyrrolidinone (960 uL) and 1-propanol (234 uL) for 10 minutes and then add a 
solution of (2R,3S,5R)-5-[(lS;2S)-l-benzyloxy-2-&^ 

propyl]-2-(3-fluoro-2,2-d^ethylpropoxy)-3-methylmoipholm acid tert - 

butyl ester (440 mg, 0.57 mmol) in N-methyl-2-pyrrolidinone (1 mL) and stir in a sealed 
vial at 90°C for 4 hours. Cool to room temperature and pour reaction mixture into water 
25 and extract well with ethyl acetate. Wash the organic phase with water followed by 
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saturated aqueous sodium chloride and concentrate under reduced pressure. Subject the 
resulting residue to silica gel chromatography, eluting with hexane con taining from 0 - 
50% ethyl acetate to provide the desired compound. 

Deprotection 

Beginning with (2R,3S,5R>5-[(lS ? 2S>l-Benzyloxy-2-dibenzylamino-3-(3- 
propoxy-5-fluorophenyl)-propyl]-2^3-fl^ 

4-carboxylic acid tert-butyl ester (350 mg, 0.436 mmol), the title compound may be 
prepared essentially as described in Preparation 307. 

The compounds of Preparations 383 -.384 may be prepared essentially as 



described in Preparation 382. 



Prep 


Compound 


MS(ES) 


383 


(lS^S>2-Amino-3-(3-propoxy-5-flu'orophenyl)-l-[(3R,5S,6R)-6- 
(2,2^-tri-(fluoromemyl)emoxy)-5-memylmorpholin-3-yl]-propan-l-ol 


467 
[M*+H] 


384 


(lS,2S)-2-Amino-3-(3-propoxy-5-fluorophenyl)-l-[(3R,5S,6R)-6- 
(tihniemylsUylmemoxy)-5-memylmorpholin-3-yl>propan-l-ol 


429 


Employing the appropriate alcohol in place of 1-propanol, the compounds of 
Preparations 385-393 may be prepared essentially as described in Preparation 382. 


Prep 


Compound 


MS(ES) 


385 


(2R,3S,5R)-5-[(l S,2S)-1 -Hydbroxy-2-aniino-3-(3-hydroxy-5- 
fluorophenyl)-propyl]-2-(3-fluoro-2,2-dimethylpropoxy)-3- 
methylmorpholine-4-carboxylic acid tert-butyl ester 


489.3 
IM'+H] 


386* 


(lS,2S)-2-Amino-3-(3-cyclopropylmethoxy-5-fluoro-phenyl)-l- 
[(3R,5S 5 6R)-6-(3-fluoro-2-fluoromethyl-2-methyl-propoxy)-5-methyl- 
morpholin-3-yl]-propan- 1-oi 


461 

pvT+H] 


387* 


(lS,2S)-2-Amino-l-[(3R,5S,6R)-6-(3-fluoro-2-fluorome1hyl-2-methyl- 

propoxy)-5-methyl-morpholin-3-yl]-3-(3-fluoro-5-isobutoxy-phenyl)- 

propan-l-ol 


463 
[M+H] + 


388* 


(lS,2S)-2-Amino-l-[(3R,5S,6R)-6-(3-fluoro-2-fluoromethyl-2-memyl- 
propoxy)- 5 -methyl-morpholin-3 -yl] -3 - [3 -fluoro-5 -(2-methyl- 
cyclopropylmethoxy)-phenyn-propan-l-ol 


475 
[M+H] + 


389* 


(lS^S)-2-Ainino-l-[(3R,5S,6R)-6-(3-fluoro-2-fluoromethyl-2-methyl- 
propoxy)-5-methyl-morpholin-3-yl] -3 -[3 -fluoro-5-(l -methyl- 
cyclopropylmethoxy)-phenyl]-propan-l-ol 


475 
[M+H] + 


390* 


(lS^S)-2-Amino-3-[3-(l-cyclopropyl-ethoxy)-5-fluoro-phenyl]-l- 
[(3R,5S,6R)-6-(3-flnoro-2-fluoromethyl-2-methyl-propoxy)-5-methyl- 
morpholin-3 -yl] -propan- 1 -ol 


475 
[M+H] 4 
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391 


5-[2-amiiio-3-(3-fluoro^ 
fluoro-2-fluoromethyl-2-methyl-propo 
carboxylic acid tezrt-butyl ester 




392* 


2-anuno-3-t3-(2,2-dimethyl-propoxy)-5-fluoro-pbeny 
2,2-bis-(fluoromethyl)-ethoxy)-5-methyl-morpholin~3-yl]-propan- 1 -ol 


495 
[M+H+] 


393* 


3-{(2S,3S)-2-Amino-3-[(3R,5S,6R)-(6^ 

methyl-propoxy)-5-me1iiyl-mor^^ 

fluoro-phenol 


407 



*Hydrogenated under conditions of Preparation 374. 



Preparation 394 
(lS 5 2S)-2-Amino-3-(3-(2 5 2-dimethylpropoxy)-5-fluoroph^ 

(fluoromethyl)propoxy)-5-melliylmorpholin-3 -yl]-propan- 1 -ol 
5 Beginning with (lS^S>2-Arnino-3-(3 ? 5-difluorophenyl)-l-(3R,5S > 6R>6-(2 9 2-di- 

(fluoromethyl)propoxy)-5-met^ (196 mg, 0.48 mmol) and 

neopentyl alcohol (465 mg 5 5.28 mmol), the title compound may be prepared essentially 
as described in Preparation 382. 

10 Compounds of Preparations 395 — 397 may be prepared essentially as described in 



Preparation 394. 



Prep 


Compound 


MS(ES) 


395 


(1 S^S)-2-Amino-3-(3-cyclopropylmethoxy-5-fluorophenyl)-l - 

(3R,5S,6R)-6-(3-fluoro-2,2-dimet^ 

yl]-propan-l-ol 




396 


(1 S,2S)-2-Amino-3-(3-cyclobutoxy-5-fluoroplienyl)-l -(SR^SS^)^- 
(2,2-di-(fluoromethyL)propoxy)-5-m 




397 


(lS£S)-2-Amino-3-(3-iso^ 
fluoro-2,2-dimethyipropoxy)-5-met^ 


445.3 

[M++H] 



Preparation 398 
(2R,3S,5R)-5-[(lS,2S)-l-Hydroxy-2-acetylai^ 
15 2-(3-fluoro-2J2-dimethylpropoxy)-3-m acid tert-butvl ester 

Add acetic anhydride (43 \iL, 0.44 mmol) to a solution of (2R,3S,5R)-5-[(lS,2S)- 
1 -Hydroxy-2-amino-3 -(3 -propoxy-5-fluorophenyl)-propyl] -2-(3 -fluoro-2,2-dimethylprop- 
oxy ) - 3 -methylmorpholine-4-carb oxy lie acid tot-butyl ester (231 mg, 0.44 mmol) and 
triethylamine (92 jjL, 0.65 mmol) in dichloromethane (4.6 mL) and stir at room 
20 temperature for 30 minutes. Concentrate reaction mixture under a stream of nitrogen and 
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subject residue to silica gel chromatography, eluting with 0-100% ethyl acetate in hexane 
to provide the title compound. 

Compounds of Preparations 399 - 405 may be prepared essentially as described in 



Preparation 398. 



Prep 


Compound 


MS(ES) 


399 


(2R,3S,5R)-5-[(l S,2S)-1 -Hydroxy-2-acetylamino-3-(3-hydroxy-5- 
fluorophenyl)-propyl]-2-(3-fluoro-2 : ,2-dimethylpropoxy)-3- 
methylmorpholine-4-carboxylic acid tert-butvl ester 




400 


(2R,3S,5R>5-[(1 S,2S)-1 -Hydroxy-2-acetylamino-3-(3 ? 5-difluoro- 
phenyl)-propyl]-2-(2-methoxypropoxy)-3-methylmorpholine-4- 
carboxyhc acid tert-butyl ester 


539.0 
[M^+Na 4 ] 


401 


2R,5R)-5-[(l S,2S)-1 -Hydroxy-2-acetylamino-3-(3-propoxy-5- 
fluorophenyl)-propyl]-2-(cyclopropylmethoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


525.3 
P<1 


*402 


(2R^3S s 5R)-5-[(lS,2S)-l-Hydroxy-2-acetylamino-3-(3-brqmo-5- 
fluoro-phenyl)-propyl]-2-(2^-dime1hylpix)poxy)-3-methylmorph- 
oline-4-carboxylic acid tert-butvl ester 


577.4 

CvT+H] 


*403 


(2R,3S,5R)-5-[(lS,2S)-l-Hydroxy-2^ 

phenyl)-propyl]-2-(2^-dimethylpropoxy)-3-methylmorpholine-4- 
carboxylic acid tert-butvl ester 


553.5 
[M++H] 


*404 


(2R3S 5 5R)-5-[(l S,2S)-l-Hyckoxy^ 
dtifluoro-phenyl)-propyl]-2-(2,2-c^ 
line-4-carboxylic acid tert-butyl ester 


529.5 
IM'+H] 


*405 


(2R,3S,5R>5-[(1 S^S)-1 -Hydroxy-2-acetylamino-3-(4-(3-methylbut- 
yl)-3 5 5-difluoro-phenyl)-propyl]-2-(2 ? 2-dimethylpropoxy)-3-methyl- 
morpholine-4-carboxylic acid tert-butyl ester 


607.3 
[M++H] 



5 ^Replace dichloromethane with tetrahydrofuran as reaction solvent. 



Beginning with (2RS ? 3S ? 5R)-5-[(lS^S)-l-benzyloxy-2-dibenzylamino-3-(3,5- 
difluorophenyl)-propyl]-3-methylmorpholin-2-ol 5 the following compounds may be 



prepared essentially as described in Preparation 307. 



Prep 


Compound 


MS(ES) 


406 


(2R,3 S,5R)-5-[(l S S 2S)-1 -Hydroxy-2-amino-3-(3,5-difluorophenyl)- 
propyl]-2-(2-methox5^ropoxy)-3-methylmorpholine-4-carboxylic acid 
tert-butvl ester 




407 


(2R,3S,5R)-5-[(lS,2S)-l-Hydroxy-2-amino-3-(3,5-difluorophenyl)- 
propyl]-2-(2,2-dimethylpropoxy)-3-methylmorpholine-4-carboxylic 
acid tert-butvl ester 


473.4 
[M^+H] 



10 Preparation 408 

(2R,3S,5R)-5-[(lS,2S)-l-Hydroxy-2-am 

dimethylpropoxy)-3-me1liylmoipholine-4-carboxylic acid tert-butvl ester 
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3~Butyl-5-fluoro-benzaldehYde 

Dissolve l,3-Dibromo-5-fluoro-benzene (12.00 g, 0.05 mmol) in diethyl ether 
(470 mL) and cool to -78 C. Slowly add 1.6 M n-butyllithium in hexanes (29.5 mL, 49.6 
mmol) and stir at -78 for one hour. Add dimethylformamide (3.45 g, 0.05 mmol) 
5 dropwise and warm to room temperature overnight. Quench with saturated aqueous 
ammonium chloride solution. Separate the layers and extract the organic layer (1 x 300 
mL) with diethyl ether. Combine the organic layers and wash (1 x 150 mL) with water, 
(1 x 100 mL) with saturated aqueous sodium chloride and dry over magnesium sulfate. 
Purify using medium pressure chromatography (silica gel, 0-10% diethyl etherrhexanes) 
10 to give the desired product (4. 15 g, 43%) as a yellow liquid. 

2-f 3-bromo-5-fluorophenvr)-l -nitroethane 

Beginning with 3-bromo-5-fluorobenzaldehyde 9 the desired compound may be 
15 prepared essentially as described in Preparation 1 68. 

(2R.3S,5R>5-rasqSM-Hydra^ 

dime1hvlpropoxv)-3-methvlmorpholine-4-carboxvlic acid tert-butvl ester 

Beginning with 2-(3-bromo-5-flnorophenyl)-l-nitroethane :> the desired compound 
20 may be prepared essentially as described in Preparation 1 88. 

Reduction 

Add zinc (0.604 g, 9.23 mmol) to a solution of (2R,3S,5R)-5-[(lR^S>3~(3- 
bromo-5-fluoro-phenyl)- 1 -hydroxy-2-mtro-propyl]-2-(2,2-dimethyl--propoxy)-3-methyl- 

25 morpholine-4-carboxylic acid tert-butvl ester (0.520 g, 0.923 mmol) in acetic acid (9.23 
mL). Stir the reaction mixture for 22 hours at room temperature. Filter the reaction 
mixture and wash the filter cake with cold water (1 00 mL). Add saturated aqueous 
sodium bicarbonate to the filtrate to neutralize the acid. Extract the neutralized aqueous 
phase with ethyl acetate (3 x 250 mL). Dry the combined organic phases with 

30 magnesium sulfate and concentrate under reduced pressure to provide the title compound 
(0.49 g 5 99.5%) as a white foam. 
MS(ES): m/z = 535.3 [M+H] + 
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Preparation 409 

(2R,3 S ,5R)-5-[(l S,2S)-l-Hydr^^ 

(2,2-dimethylpropoxy)-3-methylmo^ acid tert-butyl ester 

5 Add propyl zinc bromide (2.31 1 g) in tetrahydrofuran and (l,r-bis(diphenylphos- 

phino)ferrocene) paUadium(II) chloride (0.015 g) to a solution of (2R 5 3S,5R)-5-[(lS ? 2S)- 
l-hydroxy-2-acetylamino-3-(3-bromo-5^ 

3-methylmoipholine-4-carboxylic acid tert-butyl ester (0.07 g, 0.122 nunol) in 
tetrahydrofuran (1 .2 mL) in a sealed tube flushed with nitrogen. Heat the tube at 65°C for 

10 6.5 hours. Add saturated aqueous ammonium chloride (5 mL). Extract the reaction 
mixture with ethyl acetate (2 x 30 mL). Combine the organic phases and wash with 
saturated aqueous sodium chloride (1x15 mL), dry over magnesium sulfate and 
concentrate under reduced pressure. Subject residue to silica gel chromatography, eluting 
with hexanes containing 15-45% ethyl acetate, to provide 0.039 g (60%) of the title 

15 compound as an off-white foam. 
MS(ES): rn/z = 539.5 [M+l] + 

Preparation 410 
(2R,3 S,5R)-5- {(1 S,2S)-2-Acetylam 
20 hydroxy-propyl}-2-(2,2-dimethyl-propoxy)-3 -methyl-morpholine-4-carboxylic acid tot- 
butyl ester 

Beginning with 3-methylbutyl zinc bromide and (2R,3S,5R)-5-[(lS,2S)-l- 
hydioxy-2-acetylammo-3-(3-bromo-5-flu^ 

methylmorpholine-4-carboxylic acid tert -butyl ester (0.165 g, 0.287 mmol), the title 
25 compound (0.127 g 5 78%) may be prepared essentially as described in Preparation 409. 
MS(ES): m/z = 5653 [M-l]' 

Preparation 411 

(2R,3S,5R)-5-[(lS,2S)-l-Hydroxy-2-acetylamino-3-(3-(2-ethoxyphenyl)-5- 
30 fiuorophenyl)-propyl]-2-(2^-dimethylpropoxy)-3 -methylmorpholine-4-carboxylic acid 

tert-butyl ester 
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Add 2-ethoxyphenylboronic acid (0.065 g, 0.394 mmol) and (l,l'-bis(diphenyl- 
phosphino)ferrocene) palladium(IT) chloride (0.021 g) to a mixture of 2M sodium 
carbonate solution (0.262 g, 0.525 mmol) and (2R ? 3S,5R>5-[(lS 5 2S)-l-hydroxy-2- 
acetylamino-3-(3-bromo-5-fluoroph^^ 
5 methylmorpholine-4-carboxylic acid tart-butyl ester (0.151 g 5 0.262 mmol) in 

tetrabydrofuran (2.62 mL) in a sealed tube flushed with nitrogen. Heat the tube at 80°C 
for 3 days. Add saturated aqueous sodium chloride and extract with ethyl acetate (2 x 50 
mL). Dry over magnesium sulfate and concentrate under reduced pressure. Subject the 
residue to silica gel chromatography, eluting with hexanes containing 25-50% ethyl 
10 acetate to provide the title compound (0.075 g, 46%) as a white foam. 
MS(ES): m/z = 639.3 [M+23] + 

Preparation 412 

(2R,3S,5R>5-[(1 S,2S)-l-Hydro^ 
1 5 (2 5 2-dimethylpropoxy)-3-methylmorpholine-4-carboxylic acid tert-butyl ester 

f2R3S.5R>54aS-2SM-benzyloxy-2-dibe 

propvl]-2-(2-2-dimethvlpropoxyy3-^ acid tert-butyl ester 

Add n-butyllithium (252 yL, 0.404 mmol, 1 .6 M in hexanes) dropwise over 5 
minutes to a solution of (2R,3S,5R>5-[(lS^S)-l-benzyloxy-2-dibenzylamino-3-(3 5 5-- 

20 difluorophenyI)-propyI]-2-(2,2-d^ acid 
tert-butyl ester (0.30 g, 0.404 mmol) in tetrahydrofuran (0.6 mL) at -78°C. Add 
. potassium tert-butoxide (0.404 mL, 1 M in tetrahydrofuran) dropwise over 10 minutes 
and stir the reaction mixture for an additional 10 minutes. Add iodomethane (25.1 juL, 
0.404 mmol) followed by a solution of hexamethylphosphorus triamide (53.7 jliL, 0.294 

25 mmol) in tetrahydrofuran (40.4 jliL). Stir reaction mixture at -78°C for 1 hour. Remove 
cooling bath and stir for 20 minutes. Add water (20 mL) and extract with ethyl acetate (2 
x 50 mL). Wash combined organic layers with water (3 x 20 mL), dry over magnesium 
sulfate, and concentrate under reduced pressure. Subject residue to silica gel 
chromatography, eluting with hexanes containing 0-10% diethyl ether, to provide the 

30 desired compound 0.169 g (55.3%) as a white foam. 
MS(ES): m/z =7573 [M+l]\ 
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Hvdrogenation 

Add 20% palladium on carbon (0.085 g) to a solution of (2R ? 3S,5R)-5-[(lS,2S)-l- 
benzyloxy-2-dibenzylamino-3-(4-methy^ 

cKme1hylprop-oxy)-3-methylmoipholine-4-carboxylic acid tert-butyl ester (0.169 g, 0.223 
mmol) in ethyl acetate (3 .00 mL) and hydrogenate at balloon pressure for 1 6 hours. Add 
additional 20% palladium on carbon (170 mg) and continue hydrogenation for 8 hours. 
Filter reaction mixture over a pad of filtering agent and wash pad with ethyl acetate. 
Concentrate filtrate to provide the title compound (0.109 g) as an off-white foam. 
MS(ES): m/z = 487.3 [M+l] + 

Preparation 413 
(2R,3S,5R)-5-[(l S,2SH -Hydroxy^ 

propyl]-2-(2^-dimethylpropoxy)-3-methylmorpholine-4-carboxylic acid tert-butyl ester 

Using 3-methylbutyl iodide, the title compound may be prepared essentially as 
described in Preparation 412. 
MS(ES): m/z = 543.3 [M+l] + 



Replacing dichloromethane with tetrahydrofuran, the compounds of Preparations 
414 - 41 6 may be prepared essentially as described in Preparation 219. 



Prep 


Compound 


MS(ES) 


414 


(2R,3S,5R>5-[(1 S,2S)-1 -Hydroxy-2-(6-methylheptanoylamino)-3-(3 ? 5- 
difluorophenyl)-propyl]-2-(2 ? 2-dimethylpropoxy)-3-methylmorpholm 
4-carboxylic acid tert-butyl ester 


585.5 


415 


(2R,3S,5R>5-[(1 S,2S)-1 -Hydroxy-2-(6-methyl-4,4-difluoroheptanoyl- 
an^o)-3-(3,5-^uorophenyl)-propyl]-2-(2^-dimethylpropoxy)-3- 
methylmorpholine-4-carboxylic acid tert-butyl ester 


635.5 
[M^-H] 


416 


(2R,3 S,5R)-5-[(l S,2S)-1 -Hydroxy-2-(6-methyl-4,4-difluoroheptanoyl- 
amino)-3-(3-butyl-5-fluoropheny^ 
methylmorpholine-4-carboxylic acid tert-butyl ester 


673.6 
[M^+H] 



Preparation 417 
(2R,5R)-5-[(lS,2S)-l-Hydroxy-2-arrm^ 

(cyclopropylmethoxy)-morpholine-4-carboxylic acid tert-butyl ester 
Beginning with (3S,5R)-5-[(lS,2S)-l-Benzyloxy-2-diben2ylamino-3-(3- 
benzyloxy-5-fluorophenyi)-propyl]-3-methylmorpholin-2-one ? the desired compound 
may be prepared essentially as described in Preparation 306. 
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MS(ES): m/z = 483.3 PVT*"] 

Preparation 41 8 
(2R,3S5R)-5-[(lS,2S)-l-Hydroxy-2-an^ 

di(fluoromethyl)propoxy)-3-mel!iylmorpholine 
(TO-4-[ait2SM-Hvdroxy-2-n^^ 
oxazohdine-3-carboxvlic acid tert-butvl ester 

Beginning with 2-(3-trifluoromethox>^henyl)-l-nitroethane the desired compound 
may be prepared essentially as described in Preparation 168. 
MS(ES): m/z = 463.3 [M 4 ] 

fltV44n S-2S V2- Ammo-I -hvdroxv>3^3-trifluoromethoxv-phenvlVDropvl1>2.2>dime^vl^ 
oxazolidine-3-carboxvlic acid tert-butyl ester 

Add zinc (8.46 g, 129.4 mmoles) to (R)-4-[(lR,2S)-l-Hydroxy-2^ 
trifluoromethoxy-phenyl)-pr^^ acid tert-butyl 

ester (6.01 g, 12.9 mmoles) in acetic acid (75 mL) and stir at room temperature for 10 
minutes. Filter and wash the solids with water. Extract with ethyl acetate. Wash organic 
layer with 0.1 N sodium hydroxide and saturated aqueous sodium chloride. Dry over 
sodium sulfate, filter and concentrate to give 5.18 g (92% yield) of the title compound as 
a white solid. 

MS (ES+): m/z = 435.0 \M+] 

( r 2R3R~4SV2-AminO"3-benzvloxv^-diben^ 
pentan-l-ol 

Beginning with (R)-4-[(lS,2S)-2-Amino-l-hy^ 
phenyl)-propyl]-2 ? 2-dime1hyl-oxazoUdine-3-carboxylic acid tert-butyl ester, the desired 
compound may be prepared essentially as described in Preparation 1 67. 
MS (ES+): m/z= 565.3 [M*] 

Beginning with (2R,3R^4S)-2-Amino-3-benzyloxy-4-dibenzylamino-5-(3- 
trifluoromethoxy-phenyl)-pentan--l-ol, the title compound may be prepared essentially as 
described in Preparation 307 with the exception of protecting the morpholine nitrogen 
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with tert-butoxycarbonyl and replacing 20% palladium hydroxide with 10% palladium 
hydroxide in the hydrogenolysis step. 
MS (ES+): m/z = 457.3 [M 4 ] 

5 Preparation 419 

(3S,5R)-5-[(lS,2S)-l-beii2yloxy-2-dibenzylai^ 

propyl]-morpholin-2-one-4-carboxylic acid tert-butyl ester 
fflM-[flR.2SV3-n-benzyloxy-5-fluore^ 
2J2-dunethvloxazolidine-3-carboxvlic acid tert-butyl ester 
1 0 Add NaH (12.5 g, 60% mineral oil suspension, 3 12.5 mmol) in portions to a 

solution of benzyl alcohol (32 mL, 309,2 mmol) in N-methylpyrrolidinone (1 L). Stir the 
reaction mixture at r.t. until no gas evolution is detected. Add (R)-4-[(lR,2S)-3-(3 s 5- 
dlfluorophenyl)~l -benzyloxy-2-&^ 

carboxylic acid tert-butyl ester (130 g) to the mixture and warm it up to 90°C. After 45 
15 min, allow to cool to room temperature and add saturated aqueous ammonium chloride. 
Dilute with ethyl acetate (2 L) and wash with saturated aqueous sodium chloride (2 x 1.5 
L). Dry the organic layer on MgS04, filter and concentrate. Subject residue to silical 
gel chromatography, eluting with 2-4% ethyl acetate in hexanes, to provide 139.45 g 
(94%) of the desired compound as a white solid 
20 LCMS: m/z = 745 (M+l) 

( 2R.3 S,4S)-2-amino-3 -benzyloxy-4-dibenzylamino-5-(3 -benzrvloxv-2-fluorophenvlV 
pentan-l-ol 

Add concentrated hydrochloric acid (22.7 mL) to a solution of (R)-4-[(lR,2S)-3-(3- 

25 berizyloxy-5-fluorophenyl)-l-benzyloxy-2-diberj^larninopro 

idine-3-carboxylic acid tot-butyl ester (25.89 mmol 9 19.3g) in 88 mL methyl tert-butyl 
ether. Stir at room temperature for 3 hours. Add additional concentrated hydrochloric 
acid (10 mL) and stir for 1 hour. Add dichloromethane (300mL) and adjust to pH 12 with 
NaOH, Separate the two phases and dry the organic phase over magnesium sulfate. 

30 Concentrate under reduced pressure and subject the residue to silica gel chromatography, 
eluting with dichloromethane containing 0-5% 3 M ammonia in methanol, to provide 15 g 
(96%) of the desired compound. 
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f3S>54nS^S>l-benCTloxv-2-drt^ 
morpholin-2-one 

Add phenyl bromoacetate (4.94g, 23mmol) to a solution of (2R,3S,4S)-2~amino- 
5 3-ben2yloxy-4-dibenzylamino-5-(3-ben^^ (12.7g, 21 

mmol) and diisopropylethylamine (1 1 mL 5 63 mmol) in dimethylformamide (210 mL). 
Stir at room temperature for 20 hours. Dilute the reaction mixture with ethyl acetate and 
saturated aqueous sodium chloride. Extract the aqueous phase well with ethyl acetate. 
Wash the combined organic phases well with saturated aqueous sodium chloride, dry over 
10 magnesium sulfate, and concentrate under reduced pressure. Subject the residue to silica 
gel chromatography, eluting with hexane containin 0-40% ethyl acetate to provide 12 g 
(89%) of the desired compound. 

Morpholine nitrogen protection 

15 Add BOC 2 0 (6.9 g, 31.64 mmol) to a solution of the morpholin-2-one (12g, 18.6 

mmol) in dichloromethane (1 80 mL) and diisopropylethylamine (8.1 mL, 46.5 mmol). 
Stir at room temperature for 6 hours. Add dichloromethane and wash with 5% citric acid 
solution. Wash the organic phase with saturated aqueous sodium bicarbonate, water, and 
saturated aqueous sodium chloride. Dry over magnesium sulfate and concentrate under 

20 reduced pressure. Subject residue to silica gel chromatography, eluting with 9: 1 
hexane:methyl tert-butyl ether to provide 10.4g (75%) of the title compound 

Preparation 420 

( 1 S,2S)-2-Amino-3-(3 -cyclopropylmethoxy-phenyl)- 1 -[(3R,5S,6R)-6-(2,2-dimethyl- 
25 propoxy)-5-methyl-morpholin-3-)4]-propan-l-ol trifluoroacetate 

f2R.3S.5RV5-rflS.2S>2-Acetv 1fl^ 

dimethvl-propoxvV3~methvl-morpholine-4-carboxvlic acid benzyl ester trifluoroacetate 

Add trifluoroacetic acid (3 mL) to (2R,3S,5R>5-[(lS,2S)-2-acetylamino-l- 
hydroxy-3-(3-hydroxy-phenyl)-propyl]-2-(2 5 2-d 
30 4-carboxylic acid tert-butyl ester (84 mg, 0.1 7 mmol). Stir 40 minutes and evaporate to 
give N-[(l S,2S)-2-[(3R,5S,6R)-6-(2,2-dimethy^ 

hydroxy- l-(3-hydroxy-benzyl)-ethyl]-acetamide trifluoroacetate (115 mg). Add 
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diisopropylethyl-aniine (0.074 mL, 0.425 mmol) dropwise to an ice cold solution of N- 
[(1 S,2S)-2-[(3R,5S,6R)-6-(2,2Kto 

l-(3-hydroxy-ben2yl)-ethyl]-acetamide (115 mg) and benzyl chloroformate (0.029 mL 5 
0.20 mmol) in tetrahydrofuran (4 mL). Stir 30 minutes and add an additional portion of 
5 diisopropylethylamine (0.074 mL) and benzyl chloroformate (0.025 mL). Stir 50 minutes 
and warm to ambient temperature, stir 1 0 minutes and dilute with saturated aqueous 
sodium chloride followed by ethyl acetate and IN aqueous hydrochloric acid. Separate 
layers and wash organic phase with saturated aqueous sodium chloride, dry with 
magnesium sulfate. Purify on silica gel with dichloromethane/ethyl acetate mixtures to 
10 give the desired compound (69 mg) as a white foam. MS(ESI): m/z = 529 [M+H] + . 

N-frS>2-r3-Cvciopropv^ 

5-methvl-3-oxo-tetrahvdro-oxazolo[43-c1 [L4] oxazin-1 -vfl-ethvl}-acetamide 

Heat a mixture of (2R,3S 9 5R)-5-[(lS,2S)-2-Acetylamino-l-hydroxy-3-(3- 

15 hydroxy-phenyl)-propyl]-2-(2,2-dh^ 

acid benzyl ester (69 mg, 0.13 mmol), cyclopropylmethyl bromide (0.019 ml, 0.195 
mmol), cesium carbonate (127 mg, 0.39 mmol) and N,N-dimethylformamide (2 mL) to 
60°C for 18 hours. Cool and dilute with ethyl acetate and wash with saturated sodium 
chloride, dry with magnesium sulfate and purify on silica gel with dichloromethane/ethyl 

20 acetate mixtures to give the desired compound (53 mg). MS(ESI): m/z = 475 [M+H] + . 

Deprotection 

Heat a solution of N-{(S)-2<3-cyclopropylm^ 
(2,2-dme1liyl-propoxy)-5-m 
25 ethyl} -acetamide (50 mg, 0.107 mmol) in 1:4:4 tetrahydrofuran/methanol/4N sodium 

hydroxide (2 mL) to 100°C for 1 8 hours, then cool to ambient temperature. Partition with 
water and ethyl acetate, wash organic layer with saturated sodium bicarbonate, saturated 
sodium chloride, dry with magnesium chloride and purify on C-l 8 reversed phase silica 
gel to provide the title compound (9 mg). MS (ESI): m/z = 407 [M+H) + . 

30 

Preparation 421 
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(2S,3 S,5R)-5-[(l S,2S)-2- Acetylamino^3-(3-fluoro-5-pTopoxy-phenyl)- 1 -hydroxy-propyl]- 

3-methyl-2-(2,2,2-trifluoro-etho^ acid tot-butyl ester 

(2S3S.5Ry5-r(lS,2S>l-Benzvloxv^^ 

propvIl-3-methvl-2-f2,2«2-trifl^^ acid tert-butvl ester 

5 Add diisopropyl azodicarboxylate (0.675 mL, 3.43 mmol) dropwise to an ice cold 

solution of (3S 9 5R)-5-[(lR^S)-l-ben2yloxy-3-(3-benzyloxy-5-fluoro-phenyl)-2- 
dibenzylaniino-propyl]-3-methyl-morpliolin-2-ol (1.30 g, 1.71 mmol), 2,2,2-trifluoro- 
efhanol (1 .0 mL, 13.7 mmol) and triphenylphosphine (900 mg, 3.43 mmol) in 
deoxygenated toluene (8 mL). Stir in ice bath for 3 hours and evaporate. Purify on silica 
10 gel with hexane/ethyl acetate mixtures to give the desired compound (1 .21 g) as a white 
foam. MS(ESI): m/z= 843 [M+H] + . 

- (2S.3 S,5RV 5-|Y 1 S.2S V2-Amino-3-(3-fiuoro-5-hvdroxv-phenvlVl -hvdroxv-propviy3- 
methvl-2-f2.2.2-trifluoro-ethoxvVmon)holine-4-carboxvlic acid tert-butvl ester 
15 Add 20% palladium hydroxide on carbon (200 mg) to a solution of (2S,3S,5R)-5- 

[(lS,2S)-l-ben2yloxy-3-(3-benzyloxy-5-^ 

me1hyl-2-(2^,2-trifluoro-ethoxy)-morpholine-4-carboxylic acid tot-butyl ester (116 mg, 
0.138 mmol) in tert-butanol (10 mL). Heat to 45°C and hydxogenate at 50 psi hydrogen . 
gas for 18 hours. Filter and evaporate to give the desired compound (77 mg). MS(ESI): 
20 m/z=>483 [M+H] + . 

f2SJS.5RVS-rflS,2S>2-Acetvla^ 

propvfl-3-me1hvl-2-f2.2J2-1rifl^ acid tert-butvl ester 

Add acetic anhydride (0. 142 mL, 1.51 mmol) to an ice cold solution of 

25 (2S,3S,5R)-5-[(lS,2S)-2-Ammo-3-(3^ 

methyl-2-(2,2,2-trifluoro-ethoxy)-morpholine-4-carboxylic acid tert-butyl ester (823 mg, 
1 .43 mmol) in dichloromethane (9 mL). Stir for 50 minutes and add diisopropylethyl- 
amine (0.125 mL, 0.717 mmol) and stir for 2 hours. Quench with aqueous IN 
hydrochloric acid, wash with saturated aqueous sodium bicarbonate, dry with magnesium 

30 sulfate and purify on silica gel with dichloromethane/ethyl acetate mixtures to give the 
desired compound (493 mg). MS(ESI): m/z = 525 [M+H] + . 
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Ether Formation. 

Heat a mixture of (2S,3S,5R)-5-[(lS,2S)-2-Acetylamino-3<^^ 
. pheny^-l-hydroxy-prop^ 

acid tert-butyl ester (169 mg ? 322 mmol) ? 1-bromopropane (0.044 mL, 0.48 mmol) and 
5 cesium carbonate (3 15 mg, 0.966 mmol) in N,N-d^ethylformamide (2 mL) to 60°C for 5 
hours then cool to ambient temperature. Dilute with ethyl acetate and wash with 
saturated sodium chloride, dry with magnesium sulfate and purity on silica gel with 
dichloromethane/ethyl acetate mixtures to give the title compound (153 mg). MS(ESI): 
m/z-567 [M+H] + . . 

10 

The compounds of Preparations 422 — 423 may be prepared essentially as 



described in Preparation 421 . 



Prep 


Compound 


MS(ES) 


422. 


(2S 5 3 S,5R)-5-[(l S,2S>2-Acerylammo-3~(3-fl^ 
phenyl)-l -hydroxy-propyl]-3^ 
morphoIine-4-carboxylic acid tert-butyl ester 


581 
[M+H] + 


423 


(2S 5 3S,5R>5-{(lS,2S)-2-Acetylamm^ 

fluoro-phenyl] - 1 -hydroxy-propyl} -3-methyl-2-(2 5 2,2-trifluoro-ethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


589 
[M+H] + 



Preparation 424 
1 5 (2R,3S,5R)-5-[(l S,2S)-3-(3 5 5-Dffluoro-phenyl)-2-(^ 

l-hydroxy-propyl]-2-(2^-6^ethyl-prop acid tert-butyl 

ester 

Suspend sodium hydride (60% dispersion) (0.78 g, 19.61 mmol) in 
tetrahydrofuran (22 mL) and add diethyl phosphite (0.80 g, 6.54 mmol) . Add 2-bromo- 

20 propionic acid (LOO g 5 6.54 mmol) slowly and wait for gets evolution to cease then add 3- 
methyl-butyraldehyde (0.56 g, 6.54 mmol) and stir at ambient temperature overnight. 
Quench with ethanol and pour into water. Acidify with 1M HC1 and extract with ethyl 
acetate. Wash with saturated sodium chloride solution, dry over magnesium sulfate and 
concentrate under reduced pressure. Combine the crude acid (0.01 g, 0.09 mmol) with 1- 

25 (3-dimethylammopropy^ hydrochloride (EDC) (0.02 g, 0.09 mmol) 

and 1-hydroxybenzotriazole (HOBt) (0.01 g, 0.09 mmol) in methylene chloride (1 mL) 
and stir at room temp, under nitrogen for 30 minutes. Add (2R,3S,5R)-5-[(lS,2S)-2- 
amino-3-(3,5-difluoro-phenyl^ 
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4-carboxylic acid tert-butyl ester (0.04 g, 0.09 mmol) and N^ 5 -diisopropylamine (0.02 g, 
0.17 mmol) and continue stirring until starting material is consumed. Dilute with ethyl 
acetate, wash with saturated potassium carbonate solution and satfd sodium chloride 
solution, dry over magnesium sulfate and concentrate in vacuo. Purify by silica gel 
5. chromatography eluting with 0% to 10% to 30% ethyl acetate/hexanes. 0.044 g ? 66.9 % 
yield. MS (ES): m/z=5833 [M-hH] 

Preparation 425 

(2R,5R)-5-[(l S,2S)-3-(3 5 5-Dffluo 
1 0 hex-2-enoylamino)-propyl] -2~(2 9 2-dimethyl-propoxy)-morpholine-4-carboxylic acid tert- 
butyl ester 

Using 4,4,4-trifluoroburyraldehyde, the title compound may be prepared 
essentially as described in Preparation 424. 
MS (ES): m/z = 621 .3 [M-H] 

15 

Preparation 426 
1 ? 1 -Dimethoxy-pentan-2-one 
2-Ethvl-4,4-dimethoxv-3-oxo-butvric acid methyl ester 

Dissolve methyl dimethoxyacetate (1 1.56 g 5 86.16 mmol) in toluene (783 mL) 
20 then add sodium hydride (6.90 g, 172.33 rnmol) and warm to 70-80 °C. Add methyl 
butyrate (8.00 g, 78.33 mmol) dropwise and continue heating to 90 degrees. Cool to 
ambient temperature and dump into 0.5 M HCL Wash with ethyl acetate (3x) then wash 
organics with saturated sodium chloride solution, dry over magnesium sulfate and 
concentrate in vacuo. Purify by distillation. Product boils at 1 85 °C. 1 1.5 g 5 72% yield. 
25 ^NMR^DCls) 8 0.90 (3H, t), 1.82-1.86 (2 H, m), 3.37 (6H, s), 3.66 (1H, t) 5 3.68 (3H, 
s), 4.58 (1H, s). 



Decarboxylation 

Dissolve 2-Ethyl-4 5 4-dimethoxy-3-oxo-butyric acid methyl ester (5.00 g, 24.49 
30 mmol) in methanol (8 mL) and add potassium hydroxide solution (3 1.83 mmol) then heat 
at reflux for 1 hr. Cool to ambient temperature and pour into 40 mL water. Wash with 
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diethyl ether, separate organics, dry over magnesium sulfate and concentrate under a 
stream of nitrogen. 2.5 g, 68% yield. 

J H NMR (CDC1 3 ) 8 0.91 (3H, t), 1.57-1.63 (2 H, m), 2.52 (2H 5 t), 3.40 (6H, s), 4.44 (1H, 
s). 

5 

Preparation 427 
3-Fluoro-2,2-dimethyl-propan-l -ol 
Add a solution of 3-fluoro-2,2-dimethyl-propionyl fluoride (7.8g, 63.9mmol) in 
diethyl ether (lOmL) to a slurry of lithium aluminum hydride (2.4g) in diethyl ether 
10 (1 OOmL) at 0°C. Warm to room temperature and stir for 1 hour. Add water (2.5mL), 5M 
NaOH (1 .9mL) and more water (5mL) with vigorous stirring. Filter and concentrate 
filtrate to afford a low melting solid. Dissolve in a minimum of pentane, and precipitate 
by cooling to -78°C. Filter cold, and wash once with cold pentane. (3 g, 44%). l H-NMR 
(400 MHz, CDCI3) 5 4.22 (d, J H - F = 48.2Hz, 2H), 3.46 (d, J = LOHz, 2H), 0.93 (d, J = 
15 1.8Hz 5 6H). 



The compounds of Preparations 428 - 429 may be prepared essentially as 
described in Preparation 427 except that the reductions are performed at -78°C. 

20 Preparation 428 

3-Fluoro-2-fluoromethyl-2-methyl-propan-l -ol 
J HNMR (400 MHz, CDC13) 5 4.40 (ddd, J = 473, 1.3, 1.3Hz, 4H), 3.61 (t, J = 1.3Hz, 
. 2H), 0.98 (t, J = 1.9Hz, 3H). 

25 Preparation 429 

3-Fluoro-2,2-bis-fluoromethyl-propan-l -ol 
L H-NMR (400 MHz, CDC1 3 ) 8 4.54 (ddd, J = 47.0, 1.3, 1.3Hz, 6H), 3.77 (m, 2H). 

Preparation 430 

30 (2R,5R)-5-[(lS,2S)-2-acetylamm^ 

(l-fluoromethyl-cyclopentylmethoxy)-morpholine-4-carboxylic acid tert-butyl ester 
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(2R. 5RV5-r(l S.2SV 1 -Benzvloxv-2>dibenzvlamino-3-(3 .5-difluoro-phenvlVproT>vn-2-f 1 - 
fluoromethvl-cvclopentvlmethoxv)-morpholine-4--carboxvlic acid tert-butvl ester 

Beginning with (R)-5-[l-benzyloxy-2-dibenzylamino-3-(3,5-^^ 
propyl]T2-hydroxymoipholine-4-carboxylic acid tert-butvl ester and trifhioromethane- 
5 sulfonic acid 1-fluoromethyl-cyclopentylmethyl ester, the desired compound may be 
prepared essentially as described in Preparation 306. 

MS: m/r=773 [M+Hf 

r2R.5RV5-fflS>2SVl-beii2^1oxv-2-dibenzvlainino-3-G-fluoro-5-^ 
propvl1-2-(l-fluoromefovl-cvcfo^ acid tert-butvl 

10 ester 

Beginning with (2R, 5R)-5-[(lS,2S)-l-Benzyloxy-2-dibenzylamino-3-(3 ? 5- 
difluoro-phenyl)-propyl] -2-( 1 -fluoromethyl-cyclopentylmethoxy)-morpholine-4- 
carboxylic acid tert- butvl ester, the desired compound may be prepared essentially as 
described in Preparation 382. 

15 MS: rn/z = 814 [M+H] + 

qR.5R>5-raS.2Sy2-ammo-3-(3-fluore 

fluorometiivl-cvclopen1^1me1hoxv)-morpholine-4-carboxvlic acid fert-butvl ester, 
trifluoromethanesulfonic acid salt 

Beginning with (2R,5R)-5-[(lS,2S)-l-benzyloxy-2^ 
20 propoxy-phenyl)-propyl] -2-( 1 -fluoromethyl-cyclopentylmethoxy)-morplioline-4- 

carboxylic acid tert-butvl ester, the desired compound may be prepared essentially as 
described in Preparation 306. 

MS: m/* = S43 [M+Hf 

Acvlation 

25 Add acetic anhydride (0.13 mmoles; 12 pJL) to a solution of (2R,5R)-5-[(l S,2S)-2- 

arnino-3-(3-fluoro-5-propox5^phenyl)-l-hydroxy-propyl]-2-(l-fluorome1iyl- 
cyclopentylmethoxy)-morpholine-4-carboxylic acid tert-butvl ester, trifluorosulfonic acid 
salt (0.12 mmoles; 0.08 g) and triethylamine (0.36 mmoles; 50 juL) in 1.5 mL dichloro- 
methane at room temperature and stir for 4h. Concentrate under reduced pressure and 
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subject residue to silica gel chromatography, eluting with 2:1 to 1 :2 hexane/ethyl acetate 
gradient to provide the title compound as white solid (50 mg 5 70%). 

MS: m/z = 607[M+Na] + 



The compounds of Preparations 43 1 — 433 may be prepared essentially as 
described in Preparation 430. 



Prep 


Compound 


MS(ES) 


431 


(2R, 5R)-5-[(lS,2S)-2-Acetylamino-3-(3-fluoro-5-propoxy-phenyl)-l- 
hydroxy-propyl] -2-(l -dffluoromethyl-cyclopenlylmethoxy)- 
morpholine-4-caiboxylic acid tert-butyl ester 


647 
[M+ 
HCOsT 


432 


(2R,3S,5R)-5-[(lS,2S)42-Acetylaniino-3-(3-fluoro-5-propoxy-phenyl)- 
l-hydroxy-propyl]-2-(4,4-difluoro-cyclohexylmethoxy)-3-metbiyl- 
morpholine-4-carboxylic acid tert-butyl ester 


617 . 
[M+H] 


433 


(2R,5R)-54(lS,2S)-[2-Acetylainino-3-(3-£luoro-5-propoxy-phenyl)-l- 
hydroxy-propyl]-2-(4A4-trifluoro-2,2-dimethyl-butoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


553 
[M+H- 
t-Bu] 



Preparation 434 

(2R 3 5R)-5-[(lS,2S)-2-acetylamino-3-(3-fluoro-5-isobutoxy-phenyl)-l-hydroxy-pr^^ 
(2-£luoro-l-fluoromethyM-meth^ acid tert-butyl ester 

(2R.5Ry5-fqS.2SV2-amino-3^3-fl^^ 

fluoro-l~fluoromethvl-l-methvl--ethoxvVmorpholuie-4--carboxvlic acid tert-butyl ester 

Beginning with (5R)-5-[(lS,2S)-l-Ben2yloxy-3~(3^ 
dibenzylammo-propyl]-^^^ acid tert-butyl ester and 

trifluoromethanesulfonic acid 2-fluoro-l-£luoromethyl-l -methyl-ethyl ester, the desired 
compound may be prepared essentially as described in Preparation 306. 

MS: m/z = 493 [M+H] + 

aR.5RV5-rriSaSV2-acetvlamino-3-G-fluoro-5-hydroxy-phenylVl-hy^ 
r2-fluoro-l-fluoromethyl>l-methyl-ethoxyVmon3holine-4-carboxylic acid tert-butvl ester 

Add acetic anhydride (2.13 mmoles; 201.52 \iL) to a solution of (2R,5R)-5- 
[(1 S,2S)-2-amino-3 -(3 -fluoro-5-hydroxy-phenyl)- 1 -hydroxy-propyl]-2-(2-fluoro- 1 - 
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fluoromethyl-l-methyl-ethoxy)-moip^^ acid tert-butvl ester (2.03 

mmoles; 1.00 g) and triethylamine (2.23 mmoles; 311.29 jiL) in 10 mL dichloromethane 
at 0°C (ice bath) and stir the mixture at 0°C for Ih. Concentrate under reduced pressure 
and subject residue to silica gel chromatography eluting with 40:60 to 0:100 hexane/ethyl 
5 acetate gradient to give the desired compound as white solid (950.00 mg, 87.53%). 

MS: w/z = 557[M4-H] + 



Ether Formation 

Beginning with (2R s 5R)-5-[(lS,2S)-2-acetylamino-3-(3-fluoro-5-hydroxy- 
1 0 phenyl)- 1 -hydroxy-propyl] -2-(2-fluoro- 1 -fluoromethyl- 1 -methyl-ethoxy)-morpholine-4- 
carboxylic acid tert-butvl ester and isobutyl iodide, the title compound may be prepared 
essentially as described in Preparation 421 . 

MS: jn/z=613[M+Naf 
1 5 The compounds of Preparations 435 - 438 may be prepared essentially as 



described in Preparation 434. 



Prep 


Compound 


MS(ES) 


435 


(2R, 5R)-5-[(lS, 2S)-2-acetylamino-3«(3-fluoro-5-isobutoxy-phenyl)-l- 
hydroxypropyl]-2-(3-fluoromethyl-2-methylpropoxy)-morpholine-4-- 
carboxylic acid tert-butvl ester 


613 
[M+Na] 


436 


(2R, 5R)-5-[(lS 5 2S)-2-acetylamino-3-(3-fluoro-5-isopropoxy-phenyl)- 
1 -hydroxypropyl] -2-(3-fluoromethyl-2-methylpropoxy)-morphoIine-4- 
carboxylic acid tert-butvl ester 


599 
[M+Na] 


437 


(2R, 5R)-5-[(lS ? 2S)-2-acetylamino-3-(3-fluoro-5-propoxy-phenyl)-l- 
hydroxypropyl] -2-(3 -fluoromethyl-2-methylpropoxy)-morpholine-4- 
carboxyhc acid tert-butvl ester 


599 
[M+Na] 


438 


(2R, 5R>5-[(1S, 2S)-2-acetylamino-3<3-fluoro-5-isobutoxy-phenyl)-l- 
hydroxypropyl]-2-(3 9 3-difluoromethyl-2,2-dimethylpropoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


613 
[M+Na] 



Preparation 439 
N-{(lS 9 2S>2-[(3R 5 5S,6R)-6-(3-Fluo^ 
20 morpholm-3-yl]-l-(3-fluoro-5-hydroxy 

Beginning with 3-{(2S3S)-2-Ammo-3-[(3R,5S,6RH 
2-methyI-propoxy)-5-methyI-morphofo^ the 
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title compound may be prepared by reaction with acetic anhydride as described in 
Preparation 434. 

MS(ES): m/z=493 [M+HC02T 

5 Preparation 440 

(2R,3S 5 5R)-5-{(lS,2S)-2-Anm^ 

propyl} -2-(2 5 2-di-(fiuorome1hyl)-pro 
(2R3 S.5RV 5- f ( 1 SJ2S)-2-Dib en7y1 ammo -3-r3-f 3 -methvlbutvlVS-fluorophenviyi - 
benzyloxv-nropylV2-C2.2-di-(fL^^ 
10 Beginning with (2R 9 3S 5 5R)-5-{(lS^S)-2-Dibenzylaroino-3-[3-bromo-5-fluoro- 

phenyl]- 1 -benzyloxy-propyl} -2-(2^-di-(fluoromethyl)-propoxy)-3 -methylmorpholine, 
prepared essentially as described in Preparation 306 3 the desired compound may be 
prepared essentially as described in Preparation 409. 
MS(ES): m/z = 731 3 [M+l] 4 " 

15 

Hvdrogenolvsis 

Beginning with (2R,3S 9 5R>5-{(lS 5 2S>2-Dibenzylamino-3-[3-(3-methylbutyl)-5- 
fluorophenyl]- 1 -benzyloxy-propyl} -2-(2,2-di-(fluoromethyl)-propoxy)-3 - 
methylmorpholine, the title compound may be prepared essentially as described in 
20 Preparation 421. 

MS(ES): m/z = 461.2 [M+l] + 

Preparation 441 

(2R,3 S,5R)-5-{(l S^S>2-Amino-3-[3-(3-methylbutyl)-phenyl]-l -hydroxy-propyl} -2- 
(2,2-di-(fluoromethyl)-propoxy)-3-methylmorpholine 
25 Beginning with (2R,3S 5 5R)-5-{(lS 3 2S)-2-Dibenzylamino-3-[3-bromo-phenyl]-l - 

benzyloxy-propyI}-2-(2 5 2-di-(fluoromeft^ prepared 
essentially as described in Preparation 306, the title compound may be prepared 
essentially as described in Preparation 440. 
MS(ES): m/z = 443.2 [M+l] 4 * 



30 
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Beginning with nitromethane and appropriately substituted benzaldehydes and 
formylmorpholines, the following compounds may be prepared essentially as described in 



Preparation 188. 



Prep 


Compound 


MS (ES) 
[M+Na] 


442 


(2R,5R)-5-[(l S,2S)-2-Acetylamino-l -hydroxy-3-(4-fluorophenyl)- 
propyl]-2-(2 ? 2-dimethylpropoxy)-morpholine-4-carboxylic acid tert- 
butyl ester 




443 


(2R,5R)-5-[(l S,2S)-2-Acetylamino-l -hydroxy-3-(3-(trifluoromethyl- 
thio)phenyl)-propyl]-2-(2^-dimethylpropoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 




444 


(2R,5R)-5-f(lS 3 2S)-2-Acetylamino-l-hydroxy-3-(3-fluorophenyi)- 
propyl]-2-(2^-dimethylpropoxy)-morpholine-4-carboxylic acid tert- 
butyl ester 




445 


(2R 9 5R)-5-[(lS 9 2S)-2-Acetylamino-l-hydroxy-3-(2,4-difluorophen- 
yl)-propyl]-2-(2 5 2-dimethylpropoxy)-morpholine-4-carboxylic acid 
tert-butyl ester 




446 


(2R,5R)-5-[(l S,2S)-2-Acetylamino-l -hyckoxy-3-(3-(trifluoromethyl)- 
phenyl)-propyl]-2-(2^-dimethylpropoxy)-morpholine-4-carboxylic 
acid tert-butvl ester 




The following compounds may be prepared essentially as described in Preparation 

46. 


Prep 


Compound 


MS(ES) 


447 


(2R,5R)-5-[(lS^S)-2-Acetylamino-l-benzyloxy-3-(3 5 5-difluoTO- 
phenyl)-propyl]-2-(4-methyl-tetrahydro-pyran-4-ylmethoxy)- 
morpholine-4-carboxylic acid tert-butyl ester 


633.56 


448 


(2R 3 5R)-5-[(lS ? 2S)-2-Acetylamino-l-benzyloxy-3-(3,5-difluoro- 
phenyl)-propyl]-2-(bicyclo[2.2.1]hept-l-ylmethoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


629.47 


449 


(2R,5R)-5-[(l S,2S)-2-Acetylamino-l -benzyloxy-3-(3 ? 5-difluoro- 
phenyl)-propyl]-2-(l-me&yl-cyclopentylmethoxy)-morpholine-4- 
carboxylic acid tert-butyl ester 


617.46 


450 


(2R s 5R)-5-[(lS,2S)-2-Acetylamino-l-ben2yloxy-3-(3 5 5-difluoro- 
phenyl)-propyl] -2-(3 9 3 9 3 -tri£luoro-2-methyl-2-trifluoromethyl- 
propoxy)-morpholine-4-carboxylic acid tert-butvl ester 


699.46 


451 


(2R,5R)-5-[(l S^S)-2-Acetylamino-l -benzyloxy-3-(3 ? 5-difluoro- 
phenyl)-propyl]-2-(2 9 2-dimethyl-butoxy)-moipholine-4-carboxylic 
acid tert-butvl ester 


605.56 


452 


(2R,5R)-5-[(l S,2S)-2-Acetylamino-l-benzyloxy-3-(3 3 5-difluoro- 
phenyl)-propyl]-2-(2 5 2-dimethyl-pentyloxy)-morpholine-4-carboxylic 
acid tert-butyl ester 


619.61 


453 


(2R,5R)-5-[(l S 5 2S)-2-Acetylainino-l -benzylox5^-3-(3 5 5-difluoro- 
phenyl)-propyl]-2-(l-phenyl-cyclopentylmethoxy)-morpholine-4- 


679.61 
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carboxylic acid tart-butyl ester 




454 


(2R,5R)-5-[(lS,23)-2-Acetylam^ 
pheuyl)-propyl]-2-(2 ? 2,4-1xim 
carboxylic acid tert-butyl ester 


633.52 


455 


(2R,5R)-5-[(lS,2S)-2-Acetylar^ 

phenyl)-propyl]-2-(l-methyl-cyclopentylmethoxy)-moiphoHne-4- 
carboxylic acid tert-butyl ester 


617.43 



Preparation 456 

N-{(lS 9 2S)-2-[2-(3R,5S ? 6R)-5-Ethyl-6-(3-fluoro-2-fluoromethyl-2-m 
morpholin-3-yl]-l-(3-fluoro-5-h^ 

5 Beginning with (3S,5R)-5-[(lS J 2S)-l-benzyloxy-2-diben2ylamino-3-(3 ? 5- 

difluorophenyl)-propyl]-3-ethyl-2-oxomorpholine-4-carboxylic acid tot-butyl ester, 
the title compound may be prepared essentially as described in Preparation 439. 
MS(ES ): m/z = 463 (M+H) 

10 EXAMPLE 1 

N-[(l S,2S> 1 -(3,5-Dffluorobei^^ 

acetamide trifluoroacetate 
(2S.5RV5-rnS.2SV2-AceMaixiino-3-r3,5-d^flubrophenvlVl-hv^ 
ethoxymorpholine-4-carboxvlic acid tert-butyl ester 
15 Add triethylamine (0.030 g, 0.30 mmol) and acetic anhydride (0.024 g, 0.23 

mmol) to R)-5-[(lS,2S>2-amincH3-(3,5-d^ 

ethoxymorpholine-4-carboxylic acid tert-butyl ester (0.095 g, 0.228 mmol) in 
tetrahydrofuran (4 mL) at room temperature. Stir 4 hours and dilute with ethyl acetate. 
Wash with water and saturated aqueous sodium chloride, dry (magnesium sulfate), 
20 concentrate and purify (silica gel chromatography, eluting with 20:80 to 100:0 ethyl 
acetate:hexanes) to give the desired compound (69 mg, 66%). 
MS (ES): m/z = 457.2 [M-H] 



N-raS.2Syi-(3,5-Difluorobenz^ 
25 acetamide trifluoroacetate 
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Dissolve (R)-5-[(l S,2S)-2-acetylamino-3 -(3 5 5-difluorophenyl>l-liydroxypropyl]- 
2-ethoxymorpholine^carboxylic acid tert-butyl ester (0.060 g, 0.131 mmol) in 
dichloromethane (5 mL) and add trifluoroacetic acid (0.74 g, 6.5 mmol). Stir at room 
temperature for 1.5 hours and concentrate to give the title compound (60 mg, 97%). 
5 MS (ES): m/z = 359.2 [M+H] 

EXAMPLE 2 
N-{(lS,2S)-l-(3,5-DmuorobeiLzy^ 
morpholin-3-yl]-2-hydroxyethyl} -acetamide trifluoroacetate 
10 Dissolve (2R^5R)-5-[(lS;2S)-2-acety^ 

hydroxypropyl]-2-(3,3-dimethylbutoxy)-moipholine-4-^ acid tert-butyl ester 

(0.14 g, 0.27 mmol) in trifluoroacetic acid (2 mL) and stir 10 minutes. Concentrate to 
give the title compound. (0.14 g, 98.8% yield). 
MS (ES): 415.3 m/z = [M+H] 

15 



The compounds of EXAMPLES 3-43 may be prepared essentially as described in 
EXAMPLE 2. 



EX 


Compound 


MS(ES) 
[M+H] 


3 


N-{(lS,2S)-l-(3,5-Difluorobenzyl)-2-[(3R,6S)-6-(3,3-dimethylbut- 
oxy)-morpholin-3-yl]-2-hydroxyethyl}-acetamide trifluoroacetate 


. 415.4 


4 


N-[(lS,2S)-l-(3,5-Difluoroben2yl)-2-hydroxy-2-((3R,6R)-6- 
isobutoxymorpholin-3-yl>ethyl]-acetamide trifluoroacetate 


387.3 


5 


N-[(lS,2S)-l-(3,5-Difluorobenzyl)-2-hydroxy-2-((3R,6S)-6- 
isobirtox3'-morpholin-3-yl)-ethyl]-acetamide trifluoroacetate 


387.3 


6 


N-{(lS s 2S)-l-(3,5-Difluorobenzyl)-2-hydroxy-2-[(3R,6R)-6-(3- 
methylbutoxy)-morpholin-3-yl]-ethyl}-acetamide trifluoroacetate 


401.4 


7 


N-{(lS,2S)-l-(3,5-Difluorobenzyl)-2-hydroxy-2-[(3R,6S)-6-(3- 
methylbutoxy)-morpholin-3-yl]-ethyl}-acetamide trifluoroacetate 


401.3 


8* 


N-[(lS^S)-2K(3R,^)-6<;ycloheptylmethoxymoipholin-3-yl)-l- 
(3,5-Difluorobeii2yl)-2-hydroxyeth.yll-acetamide trifluoroacetate 


441.2 


9* 


N-[(l S,2S)-2-((3R,6S)-6-Cycloheptylmethoxymorpholiii-3-yl)-l- 
(3 ,5-Difluorobenzyl)-2-hydroxyethyll-acetamide trifluoroacetate 


441.2 


10* 


N-[(l S,2S)-2-[(3R,6R)-6-(Adamantan-l-ylmethoxy)-morpholin-3- 

yI]-l-(3 5 5-Difluorobenzyl)-2-hydroxyethyl]-acetamide 

trifluoroacetate 


479.2 


11* 


N-t(lS^S)-2-[(3R ; 6S>6-(Adamantati-l-ylmethoxy)-morpholin-3- 
yl]-l -(3 s 5-Difluoroben2yl)-2-hydroxyefhyl]-acetamide 
trifluoroacetate 


479.2 
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12* 


N-[(l S;2S)-2-((3R,6R)-6-Cyclohe^ - 
(3 9 5-Difluorobenzyl)-2-hydroxye1hy^ 


427.2 


13* 


N-[(lS ? 2S)-2-((3R,6S)-6-CVcloh^ 

(3 ,5-Difluorobeiizyl)-2-hydroxyethyl]-acetanude trifluoroacetate 


427.2 


14 


5-(R)-[2-(S)-Acetylamino-^^ 

yl]-2-^)-(2,2-dimethylpropoxy)-3-(S)-methylmorpholin^ 
trifluoroacetate 


451 


15 - 


5-(R)-{2-(S)-Acetylammo-l^ 
phenyl]-propyl}-2-(R)-(2 9 2-dWe^ 
line trifluoroacetate 


465 


16 


5-(R)-[2-(S)-Acetylamaiio-l -(S)-hydroxy-3-(4-propoxyphenyl)- 

propyl]-2-(R)-(2 ? 2-dimethylpropoxy)-3-(S)-methylmoipholm^ 

trifluoroacetate 


437 


17 


5-(R)-[2-(S)-Ace1ylainino-l-(S)-h^ 

prQpyl]-2-(R)-(2,2-dime1fty^ 

trifluoroacetate 


451 


18 


N-{(lS,2S)-l-(3-Chloro-5-fluorobenzyl>2-[(3R 5 6R)-6-(2 ? 2- 
dimethylpropoxy)-morpholin-3 -yl]-2-hydroxyethyl } -acetamide 
trifluoroacetate 


417.3 


19 


N-[(lS,2S)-2-[(3R,6R)-6-(2,2-Dimethylpropoxy)-morpholin-3-yl]- 
2-hydroxy-l -(2,3 5 5-1iifluorobenzyl)-etitiyl]-acetamide 
trifluoroacetate 


419.2 


20 


N-[(lS,2S)-2-[(3R,6R)-6-(2,2-Dimethy^ 

2-hydroxy-l -(3-trifluoromel!ioxybei^l)-ethyl]-ace1aniide 


AAQ 1 
44!/ .2 


21 


N-[(lS ? 2S)-2-[(3R,6R)-6-(2-(^clohexyletlioxy)-moipboliii-3-yl]-l- 
(3 ,5-difluorobenzyl)-2-hydroxyethyl] -acetamide trifluoroacetate 


AA 1 ^ 


22 


N-[(lS ? 2S)-2-((3R,6R)-6-Cyclopentylmethoxymoipholin-3-yl)-l- 
(3 ? 5-difluorobenzyl)-2-hydroxyethyl]-acetamide trifluoroacetate 


4133 


23 


N-[(lS 5 2S)-2-((3R,6R)-6-Cyclooctylmethoxymorpholin-3-yl)-l- 
(3 ? 5-dMuorobeiizyl)-2~hydroxyethyl]-acetamide trifluoroacetate 


455.3 


24 


N-{l-(3,5-Difluorobenzyl)-2-hydroxy-2-[6-(tetrahydropyran-4- 
ylmethoxy)-morpholin-3 -yl] -ethyl} -acetamide trifluoroacetate 


429.2 


25 


N- { 1 -(3,5-Difluorobeu2yl)-2-hydroxy-2-[6-(4-methylcyclohexyl- 
methoxy)-morpholin-3 -yl] -ethyl } -acetamide trifluoroacetate 


A A 1 1 

441.2 


26 


N-{l-(3 ? 5-Difluorobenzyl)-2-hydroxy-2-[(6-(l-methylcyclohexyl- 
methoxy)-morpholin-3-yl]-ethyl}-acetamide trifluoroacetate 


441.2 


27 


N-{(lS 5 2S)-l-(3 J 5-Difluorobenzyl)-2-[(3R,5S 9 6R)-6-(2 > 2- 
ddme1hylpropoxy)-5-e1±iylmorpholin-3-yl]-2-hydroxyethyl}- 
acetamide trifluoroacetate 


429 


28 


N-[(lS 5 2S)-2-[(3R,6R)-6-(2,2-Dimethylpropoxy)-moipholin-3-yl] 
2-hydxoxy-l -(3-hydroxybenzyl)-ethyl]-acetamide trifluoroacetate 


381.2 


29 


N-{(1 S,2S)-1 -(3,5-Dimethylbenzyl)-2-[(3R 5 6R)-6-(2^-dimethyl- 

propoxy)-moipholin-3-yl]-2-hydroxyethyl}-acetamide 

trifluoroacetate 


393.5 


30 


N-{(lS^S)-H3,5-Difluorober^l)-2-[(3R,5S ? 6R)-6-(2>dimethyl- 
butoxy)-5 -methylmorpholin-3 -yl]-2-hy droxyethyl } -2- 
methoxyacetamide trifluoroacetate 


459 
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31 


N-[(lS,2S)-2-((3R,5S,6R)-6-Cyclohexylmethoxy-5-methylmorph- 
olin-3-yl)-l-(3.5-difluorobenzyl)-2-hydroxyethyl]-3-methoxy- 
propioniamide trifluoroacetate 


485 


32 


N-[(lS,2S)-2-((3R,5S,6R)-6-Cyclohexylmethoxy-5-methylmorph- 
olin-3-yl)-l-(3,5-difluorobaxzyl)-2-hydroxyetiiyl]-2-methoxyacet- 
amide trifluoroacetate 


471 


33 


Cyclopropanecarboxylic acid [(lS,2S)-2-((3R,5S,6R)-6-cycloliexyl- 
inethoxy-S-methylmorpholiri-3-yl)-l-(3 5 5-difluorobeiizyl)-2- 
hydroxyethyI]-amide trifluoroacetate 


467 


34 


N-[(lS,2S)-2-[(3R,5S,6R)-6-(Bicyclo[2.1.1]b.ex-5-ylmefhoxy)-5- 
methylmorpholui-3-yl]-l<3,5-difluorobenzyl)-2-hydroxyefhy^ 
acetamide-Isomer 1 trifluoroacetate 


439 


35 


N-[(l S,2S)-2-[(3R,5S,6R)-6-(Bicyclo[2. 1 .l]hex-5-ylmethoxy>5- 

methylmoipholin-3-yl]-l-(3 ? 5-&^ 

acetamide-Isomer 2 trifluoroacetate 


439 


36 


N-{(lS,2S)-l-(3,5-Difluoro^^ 
2^2-dimethylbutoxy)-5-methylm 
acetamide trifluoroacetate 


465 


. 37 


(2R 9 3S ? 5R)-5-{(lS 5 2S)-2-Acetylamino-3-[3-(2-fluoro-ethoxy)- 
phenyl]- 1 -hydroxy-propyl} -2-(2,2-dimethyl-propoxy)-3 -methyl- 
morpholine trifluoroacetate 


441 


38 


(2R 3 3S 5 5R)-5-{(lS,2S)-2-Acetylamino-3-[3-(2,2-difluoro-e1iioxy)- 
phenyl]-l-hydroxy-propyl}-2-(2 ? 2-dimethyl-propoxy)-3-methyl- 
morpholine trifluoroacetate 


459 


39 


(2R3S,5R>5-{(1 S,2S)-2-Acetyl^ 
butoxy)-phenyl]-propyl}-2<2^-dm^ 
morpholine trifluoroacetate 


465 


40 


N-{(lS,2S)-l-(3 5 5-Difluorobeuzyl>2-[(3R,5S ? 6R)-6-(l-fluorocyclo- 
hex- 1 -ylmethoxy)-5 -methylmorpholin-3 -yl] -2-hydroxyethyl } - 
acetamide trifluoroacetate 




41 


N-{(lS,2S)^l-(3 ? 5-Difluoro-benzyl)-2-[(3R,6R>6-(l-fluoro- 

cyclopentylme1boxy)-moipholin-3-yl]-2-hydroxy-ethyl}-acetamide 

trifluoroacetate 


431 


42 


N-{(lS 5 2S)-l-(3-Fluoro-5-propoxy-benzyl)-2-hydroxy-2-[(3R,6R)- 

6-(4,4 9 4-ti^uoro-2 5 2-dimethyl-b^ 

acetamide trifluoroacetate 


509 


43 


N-[(lS ? 2S)-2-[(3R,6R)-6-(2 9 2-Dimethyl-4-propoxy-butoxy)- 
moipholin-3-yl]-l-(3-fluoro-5-propoxy-beiizyl)-2-hydroxy-ethyl]- 
acetamide trifluoroacetate 


513 



78% enantiomeric excess 



EXAMPLE 44 

Butyric acid (2R 5 5R)-5-[(lS^S)-2-acetylainino-3-(3 ? 5-difluorophenyl)-l- 
hydroxypropyl]-morpholin-2-ylmethyl ester hydrochloride 
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To(R)-5-[(lS,2S)-2-acetylainino-3-(3,^^ 
butyryloxymethyl-morpholine-4-carboxylic acid tert-butyl ester (0.022 g, 0.043 mmol) 
add 4 M hydrogen chloride in 1,4-dioxane (0.500 niL, 2.00 mmol) and stir for 45 minutes. 
Concentrate under reduced pressure to give the title compound as an off-white solid (20.0 
mg, 100%). 

MS (ESI): m/z = 415 [M+H] 



The compounds of EXAMPLES 45-67 may be prepared essentially as described 
in EXAMPLE 44. 



EX 


Compound 


MS (ES) 

rM+Hi 


45 


5-(R)-[2-(S)-Acetylamino-3<^^ 
hyfooxypropyl]-2-(S)-(3-me^ 


421 


46 


5<S)-[2-(^)-AcetyIanTdno-3<3 ? 5-cufluorophenyl)-l-(R)- 
hydroxypropyl] -2-(S)-(3-methylbutyl)-morpholine hydrochloride 




47 


5-(R)42-(S)-Acetylamino-3-(3 5 5-dmuorophenyl)-l-(S)-hyd^oxy- 
propyl] -2-(S)-(3 ,3-dimethylbutyl)-morphoIine hydrochloride 


435 


48 


5-(SH2-(R)-Acetylamino-3-(3^ 
propyl]-2-(S)-(33-dimethylbutyl)-^ 


435 


49 


5-(R)-[2<S)-Acetylan^o-3^ 

propyl] -2-(S)-(4 5 4-dimethylpentyl)-morplioline hydrochloride 


449 


50 


5-(S)-[2-(R)-Acetylamino-3-(3 5 5-difiuorophenyl> 1 -^-hydroxy- 
propyl] -2-(S)-(4 ? 4-dimethylpentyl)-morpholine hydrochloride 


449 


51 


N-[(lS 5 2S)^l-(3,5-Difluorobenzyl)-2-hydroxy-2-((3R,6R)-6- 
phenoxymethylmorpholin-3 -yl)-ethyl]-acetamide hydrochloride 


456.0 
[M-H] 


52 


N-[(lS ? 2S)-l-(3,5-Difluorobenzyl)-2-hydroxy-2-((3R,6R)-6- 
hydroxymethylmorphohn-3-yl)-etliyl]-acetamide hydrochloride 


345.0 


53 


(R)-5-[2-(S)-Acetylamino-3-(3,5-difluorophenyl)- 1 -(S)-hydroxy- 
propyl]-2-(R)-2-fluorophenoxymethyl)-morpholine hydrochloride 


439.3 
[M] 


54 


N-[(lS ? 2S)-2-((3R,6R)-6-Cyclohexyloxyme1hylmoipholin-3-yl)-l- 
(3 5 5-6Muorobenzyl)-2-hydroxyethyl]-acetamide hydrochloride 


427.3 
[M] 


55 


N-[(lS,2S)-2-[(3R 5 6R)-6-(3-Acetylphenoxymethyl)-moipholin-3- 
ylj-l -(3 ? 5-d^uorobenzyl)-2-hydroxyethyl]-acetaraide hydrochloride 


463.0 


56 


(E)-2-Methylbut-2-enedioic acid l-{[(lS 3 2S)-2-((3R,6R)-6- 
cyclohexyloxymeliyImorphoIin-3-yl)-l-(3 5 5-difluorobenzyl)-2- 
hydroxyethyl]-amide} 4-dipropylamide hydrochloride 


580.5 


57 


N-[(l S,2S)-2-[(3R,6Tl)-6-(4^ 

yll-l-(3 5 5-difluorobenzyl)-2-hydroxyethyll-acetamidehydrochlori 


463.0 


58 


N-[2-[6-(S)^2-CyclohexylethyI)-moipholin^3-(R)-yl]-l-(S)-(3 5 5- 
difluorobenzyl)-2-(S)-hydVoxyethyll-acetamide hydrochloride 


425.2 


59 


N-[l(S)-(3 9 5-Difluorobenzyl)-2-(S)-hydroxy-2-(6-(S)- 
phenethylmorpholin-3-(R)-yl)-ethyl]-acetamide hydrochloride 


419.2 
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60 


N-{l-(S)-Benzyl-2-[6-(S)-(2-cyclohexylethyl>morpholin-3-(R)-yl]- 
2-(S)-hy droxy ethyl} -acetamide hydrochloride 


389.5 


61 


N-[(l S,2S)-1 -(3,5-Dffluorobenzyl)-2^(R)-6,6-diphenylmorpholin-3- 
yl)-2-hydroxyethyl]-acetamide hydrochloride 


467.3 


62 


N-IY1S 2SV2-rf3R-6RV6-C2 2-DimethvloroDoxv^-morDholin-3-vll- 

2-hydroxy-l-(3-trifluorome1hylben^ 

hydrochloride 


433 


63 


N-[(lS,2S>2-[(3R,5S 5 6Tt>6X2^ 
methylmorpholin-3-yl]-2-hy6^^ 
ethyl]-acetamide hydrochloride 


467 


64 


N4(lS,2S>2-[(3R,5S,6Tl)-6K2,2-Dime^ 
morpholin-3-yl]-l-(3-fluoro-5-isobutylsulfanylbenzyl)-2- 
hydroxyethylj-acetamide hydrochloride 


485 


65 


N-[(lS,2S)-2.[(3R,5S 5 6R>6-(2 3 2-Dimethylpropoxy)-5- 
methylinorpholin-3-yl]- 1 -(3 -fluoro-5-propylsulfanylbenzyl)-2- 
hydroxyethylj-acetamide hydrochloride 


471 


66 


N-[(lS 9 2S)-2-[(3R 9 5S 5 6R)-6-(2,2-Dimethylpropoxy)-5- 
methylmoiphofo-3-yl]-2-hydro^ 
ethyl]-acetamide hydrochloride 


453 



EXAMPLE 67 

(2R,5R)-2-(^clohexylmethoxy-5-[(l S,2S)-3-(3 s 5-difluorophenyl)-2-((E)-3~ 
dipropylcarbamoyl-2-methylacryloylamm^ 
5 acid hydrochloride 

Dissolve (2R,5R)-2-cyclohexylmethoxy-5-[(l S,2S)-3-(3,5-dffluorophenyl)-2-((E)- 
3-dipropylcarbamoyl-2-methyIaciyloylaniino)-l-hydroxy^ 

carboxyhc acid tert-butyl ester (0.051 g, 0.075 mmol) in trifluoroacetic acid (1.5 mL) and 
stir at room temperature for 15 minutes. Dilute with dichloromethane (15 mL) 5 
10 concentrate 5 dissolve in ethyl acetate (30 mL), wash with 1:1 saturated aqueous sodium 
chloride:saturated aqueous sodium bicarbonate (30 mL) } dry (sodium sulfate) and 
concentrate. Dissolve the residue in ethyl acetate and add 1 M hydrogen chloride in 
diethyl ether (0.20 mL, 0.20 mmol) and concentrate to give the title compound (0.045 g, 
97.3%). 

15 MS (ES): m/z = 580.5 [M+HJ 



The compounds of EXAMPLES 68-134 may be prepared essentially as described 
in EXAMPLE 67. 







MS(ES) 


EX 


Compound 


[M+H] 
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68 


in-l^i o,zj >~z- ^^xn^oxv j-o-^y ciunexy nncxno xyniorpno jjii- j> -yi ^- 1 - 

(3,5-difluorobei]^l)-2-hyto 

hydrochloride 


[M] 


69 


^JC/ ^"j, j-jL'iiiieiJiyi-^-oxoncx-z-cnoiu clciq. ^io 5 zo^-z-^jx^oj\ v /" , o- 
cyclohexylmethoxymorpholin-3»yl)- 1 -(3,5-difluorobenzyl)-2- 
hydroxyethyl]-amide 


[M] 


70 


i rails -cyclopropane- ±,z-cucarDOxyiic acia i-^[^io^oj-z-^ox^oi\j- 
6-cyclohexylme1hoxymo:ipholm^ 

droxyethyl]-amide} 2-(methylpropylamide) hydrochloride-Isomer 1 


^^9 9 

[M] 


71 


irans-cyciopropane-i,z-cucarDOxyiic acia i t Ia a £> 3 Zo ^-z-^oiN^oxv^ 
6-cyclohexylmethoxymoipholin-3^ 

droxyethyl] -amide} 2-(methylpropylamide) hydrochloride-Isomer 2 


^^9 0 

[M] 


72 


yjLj -lvie xnyi Dux-z-eiieciioic acia i - ^ \_y i o /o y-z-^3x\,oiv ^-o- 
cyclohexylmethoxymorpholin-3-yl)-l-(3,5-difluorobenzyl)-2- 
hydroxyethyl]-amide} 4-dimethylamide hydrochloride 


[M] 


73 


^rs ^-z-ivieinyiDui-z-eneQioic acia ±-\ [^io,zo y-z-^jJtvjOiv ^-o- 
cyclohexylmethoxymorpholin-3-yl)-l-(3,5-difluoroben2yl)-2- 
nyuroxyeuiyij-aiiiicie/ ^-^mcmyipropyiarniae/ nyorocjoioriae 


ODZ.Z 

[M] 


74 


(E)-But-2-enedioic acid [(lS ? 2S)-2-((3R,6R)-6-cyclohexylmethoxy- 
moipholin-3-yl)-l-(3 9 5-di£luorobenzyl)-2-hydroxyethyl]-amide 
cupropyianiiac nyarocjxioiiQe 


566.5 


75 


(E)-4A4-Trifluorobut-2-enoic acid {(lS,2S)-l-(3 5 5~difluorobenzyl> 
2-[(3R,6R)-6-(2^-dimethylpropoxy)-morpholin-3-yl]-2-hydroxy 
t> my i / cuJiiac uyuruuLuuriae 


481.0 


76 


N- {(1 S^S)-1 -(3,5-Difluorobenzyl)-2-[(3R,6S)-6-(l -fluorocyclohex- 
ylmethoxy)-morpholin-3-yl]-2-hy<^oxyethyl}-ace1amide 


445.2 


77 


N-[(lS ? 2S)-2-[(3R,6S)-6-(3-t^-butylcyclobutoxy)-morpholin-3-yl]- 
1 -(3 ? 5-difluoroben2yl)-2-hydroxyethyl]-acetamide hydrochloride 


447.3 


78 


JN-^^1 OjZo j- 1 — ^-j ,z> -jjiiiuoro oenzy i ^-z-[^jv,Oo ^-o-^^nuoroieiTajiy- 
dropyran-4-ylmethoxy)-morpholin-3-yl]-2-hydroxyethyl}-aceta^ 
hydrochloride 


441.2 


79 


jN-nio^zo j- i-^jjD-i-imuoroDenzyj. j-z-nyuroxy-z-^^KjOxC^-o- 
((lR ) 2S ? 5R)-2-isopropyl-5-methylcyclohexyloxy)-morpholin-3-yl]- 
ethyl}-acetamide hydrochloride 


469.0 


80 


XT.//! C 9Q\_1 < _Tii fl nnrnVipn mA V9 - ^PVA./'/'l Q OX? sQVA 

dimethylbicy clo [3 . 1 . 1 ]hept-2-ylmethoxy)-morpholin-3 -yl] -2- 
hydroxyethylj-acetamide hydrochloride 


467.3 


81 


N-{(lS,2S)-l-(3 5 5-Dffluoroben2yl)-2-hydroxy-2-[(3R,6R)-6-(4- 
methoxycyclohexylmethoxy)-moipholin-3 -yl] -ethyl } -acetamide 
hydrochloride-Isomer 1 


457.35 


82 


N-{lKlSR,2SR)<3 9 5-Dmuorobenzyl)-2-[(3RS,6PJS)-6<4,^ 
difluorocyclohexylmethoxy)-morpholm-3-yl]-2-hydroxyethyl}- 
acetamide hydrochloride 


463 J22 


83 


N-{ 1 -(1 SR 9 2SR)-(3 s 5-Dmuoroben2yl)-2-hydroxy-2-[(3RS > 6RS)-6- 

(4-methylte1xahydropyran-4-ylmethoxy)-moipholin^ 

acetamide hydrochloride 


443.80 
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84 


N-((lS,2S)-l-(3,5-Difluorobenzyl)-2-hydroxy-2-{(3R,6S)-6-[(R)-l- 

(tetrahydxofuran-2-yl)methoxy]-morpholin-3-yl}-ethyl)-acetami^^ 

hydrochloride 


415.23 


85 


N-[(lSR2SR)-2-[(3RS,6RS)-6-(Bicyclo[2.2.1]hept-l-ylmethoxy)- 

moipholm-3-yl]-l-(3 5 5-d^uoroben2y^ 

hydrochloride 


439.25 


86 


N-[(lS,2S)-2-((3R,6R)-6-Cyclohexybnethoxymorpholin-3-yl)-l - 
(SjS-d^uorobenTy^^-hytiroxyelhyll^^-dime&ylpropionainide 
hydrochloride 


469.40 


87 


N-[(lS ? 2S)-2<(3R,6R>6-Cyclohexylmethoxy-moipholin-3-yl)-l- 
(3,5-difluorobenzyl)-2-hydroxy-ethyl]-isobutyiBmide hydrochloride 


455.35 


88 


N-{(1 SR,2SR)-1 -(3,5-Difluorobenzyl)-2-hydroxy-2-[(3RS 5 6RS)-6- 
(1 -methylcyclope^1ylmethoxy)-morpholin-3-yl] -ethyl} -acetamide 
hydrochloride 


427.21 


89 


N-[(lS^S)-2-[(3R,6S)-6-((R)-l-C^clohexylethoxy)-moipholin-3. 
yl]-l -(3,5-difluorobenzyl)-2-hydroxyethyl]-ace1amide hydrochloride 


. 441.26 


90 


N-[(l SR,2SR)-2-[(3RS,6RS)-6-(l -Benzylcyclopentylmethoxy)- 

moipholm-3-yl]~l-(3,5-difluorote 

hydrochloride 


503.40 


91 


N-{(lSR,2SR)-l-(3,5-DifluorobenzyI)-2-hydroxy-2-.[(3RS 5 6RS)-6- 

(4-oxocyclohexylme1hoxy)-moipholin-3-yl]-ethyl}-acetaniide 

hydrochloride 


441.30 


92 


Cyclobutanecarboxyhc acid [(1 S,23)-2<(3R,6R)-6-cycIohexylmeth- 
oxymorpholin-3 -yl> 1 -(3 ,5-difluorobenzyl)-2-hydroxyethyl]-amide 
hydrochloride 


467.31 


93 


Cyclopropanecarboxylic acid [(lS 5 2S)-2-((3R,6R)-6-cyclohexyl- 

memoxymoipholm-3-yl)-l-(3,5-dM^ 

amide hydrochloride 


453.20 


94 


Thiophene-2-carboxylic acid [(lS 9 2S)-2-((3R ? 6R)-6-cyclohexyl- 
methoxymorpholin-3 -yl)- 1 - (3 ,5-difluoroben2yl)-2-hydroxyethyl] - 
amide hydrochloride 


495.40 


95 


N-[(lS ? 2S)-2-((3R 3 6R)-6-Cyclohexylmefhoxymorpholiii-3-yl)-l- 

(3,5-difluorobeii2yl)-2-hydroxyethyl]-2-memoxyacetainide 

hydrochloride 


457.40 


96 


N-[(lS^S)-2<(3R 5 6R>6-Cyclohexylmelhoxymorpholin-3-yl)-l- 

(3,5-difluorobeaizyl)-2-hydroxyethyl]-2-cyclopropylacetamide 

hydrochloride 


467.45 


97 


N-[(l S,2S)-2-((3R,6R)-6-<^c^ 

(3,5^ifluoroben2yl)-2-hydroxyethyI]-3 ? 3-dimethylbut^ 

hydrochloride 


483.42 


98 


N-{(lS,2S)-l-(3 9 5-Dffluorobenzyl)-2-hydb:oxT-2-[(3R,6R)-6-(33,3- 
trifluoro-2-meAyl-2-trifluoromethy-propoxy)-morpholin-3-yl]- 
ethyl} -acetamide hydrochloride 


509.24 


99 


N-{(lS,2S)-l-(3,5-DMuoroben^ 

oxy)-morphomi-3-yl]-2-hydroxyemyl}-acetainide hydrochloride 


415.56 


100 


N-{(1 S,2S)-1 -(3 5 5-Difluorobeirzyl)-2-[(3R 5 6R)-6-(2 ? 2-dimethylpent- 
yloxy)-moipholm-3-yl]-2-hydroxyethyl}-acetaixdde hydrochloride 


429.60 
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101 


N-{(lS,2S)-l-(3,5-Difltiorobenzyl)-2-hydroxy-2-[(3R,6R)-6-(l- 

phenylcyclopeatylme&oxy)-morpiioliii-3-yl]-ethyl}-acetamide 

hydrochloride 


489.60 


102 


N-[(lS 5 2S)-2-[(3R,6S)-6-((S)-l-Cyclohexylethojcy)-morpholin-3- 
yl]- 1 -(3 ,5-difluorobenzyl)-2-hydroxyelhyl]-acetamide hydrochloride 


441.30 


103 . 


N-{(lS,2S)-1^3,5-Difluorobenzyl)-2-hydroxy-2-[(3R,6R)-6-(2,2,4- 

trimethylpentyloxy)-morpholin-3-yl]-e1hyl}-acetamide 

hydrochloride 


443.31 


104 


N-[(lS^S)-2-((3K6R)-6-Cyclohexylmethoxymorpholin-3-yl)-l- 

(33-dxfluorobeiizyl)-2rhydroxye1hyl]-3-methoxypropionamide 

hydrochloride 


471.4 


105 


N-{(lS,2S)-l<3,5-Difluorobenzyl>2^(3R,6Tl)-6-(2,2-dimethyl- 

propoxy)-moipholin-3-yl]-2-hydroxyethyl}-acetamide 

hydrochloride 


401.2 


106 


N-[(l S,2S)-2-((3R,6S)-6-Cyclohexyloxymorpholin-3-yl)-l-(3 ,5- 
difluorobenzyl)-2-hydroxyethyl]-acetamide hydrochloride 


413.3 


107 


(R)-Tetrahydrofuran-2-carboxylic acid [(lS,2S)-2-((3R,6R)-6- 
cyclohexyhiiefhoxymoipholin-3-yl)-l-(3,5-difluoroDerizyl)-2- 
hydroxyethyl]-amide hydrochloride 




108 


N-[(lS,2S)-l-(3 J 5-Difluorobenzyl)-2-hydroxy-2-((3R,6S)-6- 
isobutoxymorpholin-3-yl)-ethyl] -acetamide hydrochloride 


387.2 


109 


N-[(l S,2S)-1 -(3 ,5-Difluorobenzyl)-2-hydroxy-2-((3R,6R)-6- 
isobutoxymorpholin-3-yl)-ethyl]-acetamide hydrochloride 


387.2 


110 


N-[(lS,2S)-2-[(3R,5S,6R)-6-(2,2-Dimethylpropoxy)-5-methyl- 

moipholin-3-yl]-l ~(2-et^ 

hydrochloride 


407.3 


111 


N4(lS ? 2S)-2-[(3R,5S,6R)-6<2 5 2-Dimethyl-propoxy)-5-methyl- 
morpholin-3 -yl] - 1 -(3 -fluoro-5-prop oxy-benzyl)-2 -hy droxy-ethy 1] - 
acetamide hydrochloride 


455.3 


112 


N4(lS ? 2S)-2-[(3R,5S s 6R)-6-(2^-Dimethyl-propoxy)-5-methyl- 

moipholin-3-yl]-l-(3-fluoro-5-is^ 

acetamide hydrochloride 


459.5 ' 


113 


N-[(lS,2SV2-[(3I^5S 5 6R)-6<2,2-Dimethyl-propoxy)-5-methyl- 
morpholin-3 -yl] - 1 - (3 -fluoro- 5 -propoxy-benzyl) -2 -hy droxy-ethy 1] - 
acetamide hydrochloride 


455.3 


114 


N-{(lS,2S)-2-[(31^5S,6R)-6-(^ 

morpholin-3 -yl] - 1 - [3-(2- ethyl-butoxy)-5-fluoro-beiizyl]-2-hydroxy-. 
ethyl}-acetamide hydrochloride 


497.2 


115 


N-{(lS 3 2S)-2-[(3R,5S,6R)-6-(2,2-D^ 

morpholin-3 -yl] - 1 - [3 -fluoro-5 -(3 -methyl-butoxy)-benzy 1] -2- 

hydroxy-elhyl}-acetamide hydrochloride 


483.3 


116 


N-{(lS,2S)-l-(3-AUyloxy-5^^^ 

dtoethyl-propoxy)-5-methyl-morpholin-3 -yl]-2-hydroxy-ethyl} - 
acetamide hydrochloride 


453.0 


117 


N-{(lS 5 2S)-2-[(3R,5S 5 6R)-6-(2 5 2-Dimethyl-propoxy)-5-methyl- 
morpholin-3-yl]- 1 -[3-fluoro-5-(2 ? 2 5 2-trifluoro-ethoxy)-beiizyl]-2- 
hydroxy-ethyl}-acetainide hydrochloride 


495.4 
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118 


N-{(lS,2S)-l-(3,5-Difluorobenzyl)-2-[(3R,5S,6R)-6-(2,2- 
dimethylpropoxy)-5-methylmoTpholin-3 -yl] -2-hydroxy ethyl} -4,4- 
difluoro-6-methylheptanoic acid amide hydrochloride 


535.2 


119 


N-lClS^SVl-CS-butyl-S-fluorobenzyl^-KSI^SS^R)^^^- 
dimethylpropoxy )-5 -methy lmorpholin-3 -yl] -2-hy droxyethyl } - 
acetamide hydrochloride-Isomer 2 


453.3 


120 


N-{(lS 5 2S>l-(3-butyl-5-fluoroberLzyl).2-[(3R,5S,6R>6-(2,2^ 
dimethy lpr opoxy)-5 -methylmorpholin-3 -yl] -2-hy droxyethyl } - 
acetamide hydrochloride-Isomer 4 


453.3 


121 


N-tClS^SVl^^-Difluorobenzyl^KSR^e^-S-C^- 
dimethylpropoxy)-morphohn-3-yl]-2^ 
methylheptanoic acid amide hydrochloride 


521.3 


122 


N-{(lS,2S)-l-(3,5-Dmuorobenzyl)-2-[(3R,6R)-6-(2 3 2-dimethyl- 
propoxYVmorpholin-3-yll-2-hvdroxve1hvn-timis-2-fluoromeAvl- 
cyclopropanecarboxylic acid amide hydrochloride-Isomer 1 


459.2 


123 


N-{(lS,2S)-l-(3,5-Difluoroben^ 

propoxy)-moipholin-3-yl]-2-hydroxyethyl}-trans-2-fluorome1iiyl- 
cyclopropanecarboxylic acid amide hydrochloride-Isomer 2 


459.2 


124 


N-{(lS,2S)-H3,5-Difluorobe^ 
propoxy)-moipholin-3-yl]-2-hyc^ 
acid amide hydrochloride 


497.2 


125 


N-{(lS 9 2S)-l-(3 5 5-Difluorobenzyl)-2-[(3R s 6R)-6-(2 5 2-dimethyl- 
propoxy)-morpholin-3-yl]-2-hydroxyethyl}-4 ? 5,5-trifluoropent-4- 
enoic acid amide hydrochloride 


495.0 


126 


N-{(lS,2S)-l-(3,5-Dffluorote 

propoxvVmorpholin-3 -yl] -2-hvdroxvethvl } -trans-2 .2-difluorometh- 
yl-cyclopropanecarboxylic acid amide hydrochloride-Isomer 1 


477.0 


127 


N-{(lS 5 2S)-l-(3 5 5-DmuorobeiizyI)-2-[(3R J 6R)-6-(2 ? 2-dimethyl- 
propoxvVmorpholin-3 -vlj-2-hvdroxvethvl } -trans -2 .2 -difluorometh- 
yl-cyclopropanecarboxyKc acid amide hydrochloride-Isomer 2 


477.0 


128 


N-{(lS 5 2S)-l-(3,5-Difluorobeiizyl)-2-[(3R,6R)-6-(2,2-dimethyl- 
propoxy)-moipholin-3-yl]-2-hydroxyethyl} -cis-cyclopropane- 1 ,2- 
dicarboxylic acid amide 2-methylpropylamide hydrochloride 


526.2 


129 


N-{(lS > 2S)-l-(3 ? 5-Dffluorobenzyl)-2-[(3R,6R)-6-(2 9 2-dimethyl- 
propoxy)-moipholin-3-yl]-2-hydroxyethyl}-2^2-difluoropr6pion- 
amide hydrochloride 


451.0 


130 


N-{(lS;2S)-l-(3 3 5-Difluorobe^ 

propoxy)-moipholin-3-yl]-2-hydroxyethyl}-2-fluoropropionanu 
hydrochloride-Isomer 1 


433.0 


131 


N-{(lS^S)-l-(3 9 5-Difluorobenzyl)-2-[(3R 5 6R)-6-(2,2-dimethyl- 
propoxy)-morpholin-3-yl]-2-hychroxyethyl}-2-fluoropropioiiamide 
hydrochloride-Isomer 2 


433.0 


132 


N-{(lS,2S)-l-(3>Difluorobenzy^ 
propoxy)-morpholm-3-yl]-2-hydrox^ 
amide hydrochloride 


483.3 


133 


N-{(lS 5 2S)-l-(3,5-Dmuorobenzyl)-2-[(3R 5 6R>6-(2>dimethyl- 
propoxy)-morpholin-3 -yl]-2-hydroxyethyl} -4 5 4 5 4-trifluoro-2- 


495.2 
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methylbut-2-eaoic acid amide hydrochloride 




134 


N-{(1 S,2S)-1 -(3,5-Difluorobenzyl)-2-[(3R,6R)-6-(2,2-dimethyl- 
propoxy)-morpholm-3-yl]-2-hydroxyethyl}-3-(dipropylcarbamoyl)- 
2-methylpropionamide hydrochloride 


556.3 



EXAMPLE 135 
Y° QH H HCI 




N-{(1 S,2S)-1 -(3 s 5-bffluoroben2yl)-2-[(3R,5S ? 6R)-6-(2,2«dimetiiylpropoxy)-5- 
5 methylmorpholin-3-yl]-2-hydro^ hydrochloride 

Dissolve (lS,2S)-2-amino-3«(3 5 5-difluorophenyl)-l-[(3R,5S ? 6R)-6-(2,2- 
dimethylpropoxy)-5-methylmorpholin-3-yl]-propan-lK)l (70 mg, 0.188 mmol) in dry 
dichloromethane (1.8 mL) under nitrogen. Add dropwise acetic anhydride (22 uL, 0.233 
mmol) and stir for 1 hour. Add 1 M hydrogen chloride in diethyl ether (1 mL) and dilute 
1 0 with benzene. Concentrate and purify (HPLC, eluting with 30% to 70% acetonitrile with 
0.1 % hydrochloric acid in water) to give the title compound as a white solid (38 mg, 
45%) 

MS (ES): m/z = 415.3 [M+H] 



15 The compound of EXAMPLE 136-143 may be prepared essentially as described 



in EXAMPLE 135. 



EX 


Compound 


MS(ES) 
fM+Hl 


136 


N-{(lS,2S)-l-(3 5 5-Difluorobenzyl)-2-[(3R,5R,6R)-6-(2,2- 
dimemylpropoxy)-5-methylmorpholin-3-yl]-2-hydroxyethyl}- 
acetamide hydrochloride 


415.3 


137 


N- {(1 S 5 2S)- 1 -(3 ,5-DMuorobenzyl)-2-[(3R,5 S,6R)-6-(2,2- 
dimethylpropoxy)-5-isobutyl-morpholin-3-yl]-2- 
hydroxyethyl}-acetamide hydrochloride 


457 


138 


N-[(lS^S)-2-[(3R,6R)-5-Cyclopropylmethyl-6-(2,2- 
dimefhylpropoxy)-morpholm-3-yl]-l-(3,5-difluorobenzyl)-2- 
hydroxyefhyl]-acetamide hydrochloride 


455 


139 


N-{(lS,2S)-l-(3,5-Difluoroben2yl>2-hydroxy-2-[(3R,5S,6R)- 
5 -methyl-6-( 1 -methylcyclopentylmethoxy)-morpholin-3 -yl] - 
ethyl}-acetamide hydrochloride 


441 
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140 


N-{(lS^S)-l-(3,5-Difluoroben2yl)-2-hydTOxy-2-[(3R,5S,6R)- 
5-mefliyl^-(l-me1liyI-cyclopen1ylme1lioxy)-morpholiii-3-yl]- 
ethyI}-2-methoxy-acetamide hydrochloride 


470 


141 


N-{(lS^S)-l<3,5-Difluorobcnzyl>2-hydroxy-2-[(3R,5S,6R)- 
5-methyl^-(l-methylcyclopropylmethoxy)-morpholin-3-yl]-. 
efhyl}-acetamide hydrochloride 


413 


142 


N-{(lS^S>l-(3,5-Difluorobenzyl>2-[(3R,5S 5 6R)-6-(2-ethyl- 
2-me1hylhutoxy)-5-me1hylmorpholin-3-yl]-2-hydroxyefhyl}- 
acetamide hydrochloride 


443 


143 


N- {(1 S,2S)-1 -Benzyl-2-[(3R,5S,6R)-6-(2,2-dimethylprop- 
oxy)r5-methylmoiphoh^-3-yl]-2-hydroxyethyl}-acetainide 
hydrochloride 


379 



EXAMPLE 144 
N-{(1 S,2S)-1 -(3,5-Difluorobe^^ 

methylmoipholin-3-yl]-2-hydroxyethyl} -2-methoxyacetamide hydrochloride 
5 Dissolve (lS,2S)-2-ammo-3-(3,5-^ 

dimethylpropoxy)-5-methylmoipholin-3-yl]-propan- (31 mg } 0.083 mmol) indry 1:1 
dichloromethaneidiethyl ether (1 mL) under nitrogen. Cool to 0 °C and add dropwise 
methoxyacetyl chloride (7.6 pL, 0.083 mrnol). Stir for 1 hour, quench with methanol, 
concentrate and purify (reverse-phase HPLC, eluting with 10:90 to 50:50 
1 0 acetonitrilerwater with 8 mM hydrochloric acid), to give the title compound (26 mg, 
65%). 

MS (ES): m/z = 445.0 [M+H] 

The compounds of EXAMPLES 145-159 may be prepared essentially as 
15 described in EXAMPLE 144 using the appropriate acid chloride. 



EX 


Compound 


MS(ES) 
[M+H] 


145 


N-{(lS,2S)-l-(3,5-Difluorobenzyl)-2-[(3R,5S,6R)-6-(2,2- 
dime1hylpropoxy)-5-methylmorpholin-3-yl]-2-hydroxyeth- 
yl}-propionamide hydrochloride 


429.0 


146 


N-{(lS^S)-l-(3,5-Difluoroben2yl)-2-[(3R,5S,6R)-6-(2^- 
dimethylpropoxy)-5-methylmorpholin-3-yl]-2-hydroxyeth- 
yl}-butyramide hydrochloride 


443.0 


147 


Pentanoic acid {(lS ! 2S)-l-(3,5-difluoroben2yl)-2- 

[(3R,5 S,6R)-6-(2,2-dimethylpropoxy)-5 -methyl-morpholin- 

3-yl]-2-hydroxyethyl}-amide hydrochloride 


457.2 


148 


{(lS,2S)-l-(3,5-Difluorobenzyl>2-[(3R,5S,6R)-6-(2,2- 


431.0 



WO 2006/034093 



PCT/US2005/033277 



-184- 





dime<hylpropoxy)-5-methylmorpholirL-3-yl]-2- 
hydroxyethyl}-carbamic acid methyl ester hydrochloride 




149 


UlS 2SV1-C3 5-DifluorobenzvlV2-IY3R.5S 6RV6-C2.2- 
dimethylpropoxy)-5 -methylmorpholin-3 -yl] -2- 
hydroxyethyl}-carbamic acid ethyl ester hydrochloride 


445.0 


150 


N-{flS,2SVl-(3 5-DifluoroberjzvlV2-rr3R.5S 6RV6-C2 2- 
dimethylpropoxy) -5 -methylmorpholin- 3 -yl] -2- 
hydbroxyethyl}^-methoxybiityramide hydrochloride 


473.0 


151 


N-<f(lS 2SV1-G 5-Dif3uorobenzvlV2-rGR.5S 6RV6-C2 2- 
dimethylpropoxy)-5 -methylmorpholin-3 -yl] -2- 
hydroxyethyl}-3-methoxypropionatnide hydrochloride 


459.0 


152 


N-l(lSJ2SVl-(3 5-DifluorobenzvlV2-r(3R-5S 6RV6-(2_2- 
dimethylpropoxy)-5-metiiylmoipholiri-3-yl]-2- 
hydroxyethyl}-3-methylbutyramide hydrochloride 


457.2 


153 


S 2SV1 -H ^-DiflnnrnhenTvlV 2-Fn"R frRVfi-O 2- 
dimethylpropoxy)-5-me1iiylmoipholin-3-yl^ 
hydroxyethyl}-2-phenylacetamide hydrochloride 


491.0 


154 


f^vfMrkTvronanpf aTbriv^vrlif* fifiH i(\ R 9£JV- 1 ^-Hi"flnnTnHf*Ti7-. 

yl)-2-[(3R,5S,6R)-6-(2 ? 2^^ 

morphoIin-3-yl]-2-hydroxyethyl}-amide hydrochloride 


441.0 


155 


3-Methvl-hiit-9-£*Tif>ip acid /HS ?STl-1-f3 S-difliinrohenyvIV 

2-[(3R,5S,6R)-6-(2,2-dimethylpropoxy)-5-methyl- 
morpholin-3-yl]-2-hydroxyetiiyl}-amide hydrochloride 


445.0 


156 


2-Butoxy-N-{(lS 5 2S)-l-(3,5-difluoroben2yl)-2-[(3R,5S,6R)- 
6-(2,2-dimethylpropoxy)-5-methylmorpholin-3-yl]-2- 
hydroxyethyl}-acetamide hydrochloride 


487.0 


157 


(S)-N-{(1 S,2S)-1 -(3,5-Difluorobenzyl)-2-[(3R,5S,6R)-6- 
(2,2-dimethylpropoxy)-5-methylmorpholiti-3-yl]-2- 
hydroxyethyl} -2-methoxypropionamide hydrochloride 


459.0 


158 


N-{(lS,2S)-l-(3 s 5-Difluoroben2yl)-2-[(3R s 5S,6R)-6-(2 5 2- 
dimethylpropoxy)-5-methylmorpholin-3-yl]-2- 
hycfroxyethyl}-4,4,4-trifluorobutyramide hydrochloride 


497.0 


159 


Furan-2-carboxylic acid {(1S,2S)-1- (3,5-difluorobenzyl)-2- 
[(3R5S,6R)-6-(2,2-dime1hylpropoxy)-5-methylmorpholin- 
3-yl]-2-hydroxyethyl} -amide hydrochloride 


467.0 



EXAMPLE 160 
(E)-2-Methyl-but-2-enoic acid [(lS 3 2S)-2-((3R,6R)-6-cyclo^^ 

yl)- 1 -(3 5 5-difluorobeiizyl)-2-hydroxyethyl]-arnide hydrochloride 
To a suspension of (2R,5R)-5-[(lS,2S)-2-amino-3-(3 9 5-difiuorophenyl)-l- 
hydroxypropyl]-2-cyclohexylme1lioxymor^ acid tert-butvl ester (30 

mg, 0.064 mmol) in dichloromethane (1.6 mL), add 1 -(3 -dime1hylaminopropyl)-3 - 
ethylcarbodiirxiide hydrochloride (EDO) (13 mg ? 0.067 mmol), and tiglic acid (6.2 mg in 



I 
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300 (xL of dichloromethane). Stir at room temperature for 1.5 hours and purify (silica gel 
chromatography, eluting from 5:95 to 100:0 ethyl acetate:hexanes) to give the acylated 
BOC intermediate (30 mg). Dissolve the residue in trifluoroacetic acid (1 .1 mL) 9 stir for 
15 minutes at room temperature, concentrate and dissolve in ethyl acetate. Wash the 
5 solution with saturated aqueous sodium chloride, saturated aqueous sodium bicarbonate, 
dry (sodium sulfate), filter, and concentrate. Dissolve the residue in ethyl acetate (5 mL) 
add hydrogen chloride (0.14 mL, L0 M solution in diethyl ether) and concentrate to give 
the title compound as a white solid (23 mg). 
LC-MS: m/z = 467 [M+Hf , 501 [M+35]" 

10 



The compound of EXAMPLE 161 may be prepared essentially as described in 
EXAMPLE 160 using angelic acid. 



EX 


Compound 


LC-MS 
[M+H] 


161 


(Z)-2-Methyl-bvtt-2-enoic acid [(lS,2S>2-((3R,6R)-6- 
cyclohexylmethoxymorpholin-3-yl)-l-(3,5-difluoroberizyl)- 
2-hydroxyethyl]-amide hydrochloride 


467 



EXAMPLE 162 

15 3-[(l S,2S)-2-((3R,6R)-6-Cyclohexylmethoxymoipholin-3-yl)- 1 -(3,5-difluorobenzyl)-2- 

hydroxyethyl]-l -hexyl-l-methylurea hydrochloride 
Add hexylmethylcarbamic chloride (1 1 mg, 0.062 mmol) to a solution of (2R^5R)- 

5- [(l S,2S)-2-amino-3-(3,5-difluorophenyl)-l -hydroxypropyl]-2-cyclohexylmethoxy- 
morpholine-4-carboxylic acid tert-butvl ester (30mg, 0.062mmol) and pyridine (10 jxL, 

20 0.123 mmol) in dichloromethane at 0 °C. Heat to 55 °C for four days. Perform 

purification, isolation, trifluoroacetic acid deprotection and salt exchange according to the 
procedure essentially as described for (E)-2-methyl-but-2-enoic acid [(lS,2S)-2-((3R,6R)- 

6- cyclohexylmethoxymoipholm-3-yl>^ 
hydrochloride. 

25 LC-MS: m/z = 526 [M+Hf, 660 [M+35]' 

EXAMPLE 163 
Cyclopentanecarboxylic acid {(lS,2S)-l-(3,5-difluorobenzy^^ 
dimethylpropoxy)morpholin-3-yl]^^ 
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r2R.5RV5-raS.2SV2-(CvclopentanecarbonvlaininoV3-f3 

hydroxypropyl>2f2,2-dimethylprepoxy)^ acid tert-butyl ester 

Stir cyclopentanecarboxylic acid (0.01 mL, 0.12 mmol), l-(3- 
dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI) (0.02 g, 0.12 mmol) 
5 and 1-hydroxybenzotriazole monohydrate (HOBT) (0.02 g, 0.12 mmol) in 

dichloromethane (1 mL) at room temperature for 30 minutes. Add (2R,5R)-5-[(l S,2S)-2- 
amino-3-(3,5-difluorophenyl)-l-hydr^^ 

carboxylic acid tert-butyl ester (0.05 g, 0.1 1 mmol) in dichloromethane (1 mL) and 
triethylamine (0.06 mL, 0.44 mmol) and stir at room temperature overnight. Wash with 
10 saturated aqueous sodium bicarbonate, dry (magnesium sulfate), filter, concentrate and 
purify (silica gel chromatography, eluting with 80:20 hexanerethyl acetate), to give the 
desired compound as white solid (0.06 g, 98%). 
MS (ES): m/z - 599 [M+HC02] + 

15 Cyclopentanecarboxylic acid (nS.2SVl-r3.5-difluorobenzvl > )-2-K3IL6RV6-(2,2- 
dimetfavlpropoxy>morpholin-3-yl1-2-hvdroxvetfayl>-amide hydrochloride 

Dissolve (2R,5R>5-[(1 S ? 2S)-2-(cyclopentanecarbonylamino)-3-(3 ,5- 
dUuorophenyl)-l-hydroxypropyl]-2( acid 
tert-butyl ester (0.06 g, 0.11 mmol) in trifluoroacetic acid (1.1 mL, 14.6 mmol) and stir 

20 for 15 minutes. Concentrate and add 2 M hydrogen chloride in diethyl ether (0.5 mL, 1 
mmol) and concentrate to give the desired compound (0.045 mg, 80%). 
MS(ES): m/z = 455 \M+H} + 

The compounds of EXAMPLES 164-166 may be prepared essentially as 
25 described in EXAMPLE 163 using the appropriate acids. 



EX 


Compound 


MS(ES) 
fM+H] 


164 


2,2-Difluorocyclopropanecarboxylic acid {(lS,2S>l-(3,5- 
dMuoroben2yl)2-[(3R,6R)^<2,2-dimethylpropoxy> 
morpholin-3-yl]-2-hydroxyethyl }-amide-Isomer 1 


463 


165 


2,2-DifluorocyclopropanecarboxyIic acid {(lS,2S)-l-(3,5- 
difluorobenzyl)2-[(3R J 6R)-6-(2,2-dimethylpropoxy)- 
morpholin-3-yl]-2-hydroxyethyl}-amide-Isomer 2 


463 


166 


N-{(lS,2S)-l-(3 5 5-difluorobenzyl)2-[(3R,6R)-6-(2^- 
dime1bylpropoxy)-morphoIin-3-yl]-2-b.ydroxyethyl}-2,2- 


437 
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difluoroacetamide 




167 


1-Methyl-hexanoic acid {(lS,2S)-l-(3 5 5-difluoroben2yl)2- 
[(3R,6R)-6-(2,2-dimethylpropoxy)-morpholin-3-yl]--2- 
hydroxyethyl}-amide-Isomer 1 


471 


168 


1-Methylhexanoic acid {(lS,2S)-l-(3 ? 5-difluorobenzyl)2- 
[(3R,6R)-6-(2,2-dimethylpropoxy)-moipholin-3-yl]-2" 
hydroxyethyl}-amide-Isomer 2 


471 



EXAMPLE 169 

N-{(1 S,2S>1 -[3<2;2-Difluoroe&oxy>^^ - 
methylcyclopentylmethoxy)-morpholin-3 -yl] -ethyl} -acetamide hydrochloride 
5 Dissolve (2R,5R)-5-{(l S,2S)-2-ace1ylamino-3-[3<2 3 2-^ 

hydroxypropyl}-2~(l-methylcy^ acid tot- 

butyl ester (223 mg) in trifluoroacetic acid and stir fo&45 minutes and concentrate. 
Coevaporate three times with dichloromethane (2 roL) and 1 M hydrogen chloride in 
diethyl ether (1 mL) to give the title compound (213 mg). 
10 MS (ES): m/z = 471 [M+H] 

The compounds of EXAMPLES 170-224 may be prepared essentially as 



described in EXAMPLE 169. 



EX 


Compound 


MS(ES) 
IM+H1 


170 


Acetic acid (lS^S)-2-acetylamino-3-[3-(2^-difluoroethoxy)- 
phenyl]-l-[(3R,6R)-6-(l-methylcycIopentylmethoxy)-morpholin-3- 
yl] -propyl ester hydrochloride 


513 


171 


N-[(lS,2S>2-Hydroxy-2-[(3R,6R)-6<l-me1hylcyclopeaitylmeth- 

oxy)-morpholin-3-yl]-l-(3-propoxyben2yl)-e&yl]-acetairiide 

hydrochloride 


449 


172 


Acetic acid (lS,2S)-2-ace1ylainino-l-[(3R,6R)-6-(l-methylcyclo- 
pentylmethoxy)-morph6lia-3-yl]-3-(3-propoxyphenyl)-propyl ester 
hydrochloride 


491 


173 


N-{(lS 5 2S)-l-(3-Ben2yloxybenzyl)-2-hydroxy-2-[(3R,6R)-6-(l- 

methylcyclopentyhiaethoxy)-morpholin-3-yl]-e1hyl}-acetaiiride 

hydrochloride 


497 


174 


N-[(lS,2S)-2-Hydroxy-2-[(3R,5S,6R)-5-methyl-6-(2,2-dimethyl- 
propoxy)-morpholin-3-yl]-l-(3-propoxybenzyl)-ethyl]-acetainide 
hydrochloride 


437 


175 


N-[(lS,2S)-2-Hy(iroxy-2-[(3R,5S 5 6R)-5-methyl-6-(2 5 2-dimethyl- 
propoxy)-morpholin-3-yl]- 1 -(3-hydroxybenzyl)-ethyl]-acetamide 
hydrochloride 


395 
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176 


N-[(lS,2S)-2-Hydroxy-2-[(3R,5S,6R)-5-me1iiyl-6-(2>dimethyl. 
I»opoxy)-morpholm-3-yl]-1^3-cyclopentylmethoxyben2yl)-ethyl]- 
acetamide hydrochloride 


477 


177 


N-[(lS^S)-2-Hydroxy-2-[(3R,5S,6R)-5-methyl-6-(2,2-dimelhyl. 
propoxy)-morpholia-3-yl]-l<3-((S)-2-methyl-butoxy)beixzyl)- 
ethyl]-acetamide hydrochloride 


■465 


178 


N-[(lS,2S)-2-Hydroxy-2-[(3R,5S,6R)-5-methyl-6-(2,2-dimethyl- 

propoxy)-moipholin-3-yl]-l-(3-elhoxybeii2yl)-^thyl]-acetaniide 

hydrochloride 


423 


179 


N-[(lS,2S>2-Hydroxy-2-[(3R,5S,6R)-5-methyl-6-(2 J 2-dimethyl- 
propoxy>morpholin-3-yl]-l-(3-allyloxybenzyl)-ethyl]-acetamide 
hydrochloride 


435 


180 


N-[(lS,2S>2-Hydroxy-2-t(3R,5S,6R)-5-methyl-6<2^-dimethyl- 
propoxy)-morpholin-3-yl]-l-(3-(2-fluoroethoxy)ben2yl)-ethyl]- 
acetamide hydrochloride 


441 


181 


N4(lS^S)-2-Hydroxy-24(3R,5S,6R>5-me1hyl-6-(2^-dime1hyl- 
propoxy)-moipholin-3-yl]-l-(3-(1iifluoromethoxy)beiizyI)-ethyl]- 
acetamide hydrochloride 


463.3 


182 


N-[(lS^S)-2-Hydroxy-2-[(3R5S,6R>5-methyl-6-(2^-dimethyl- 
propoxy)-morpholin-3-yl]- 1 <3<2A2-trifluoroethoxy)benzyl)- 
ethyl]-acetamide hydrochloride 


477.2 


183 


N-[(lS ! 2S)-2-Hydroxy-2-[(3R 5 5S,6R>5-methyl.6-(2,2-dimethyl- 

propoxy)-morpholin-3-yl]-l-(3-(methoxy)benzyI)-ethyl]-acetamide 

hydrochloride 


409.5 ! 


184 


N-{ClS,2S)-l-(3 5 5-Difluorobenzyl)2-[(3R6S>6-(2-fluoro-2- 
methylpropoxy)-morpholin-3 -yl]-2-hydroxyethyl} - acetamide 
hydrochloride 


405 


185 


N-[(lS 5 2S)-2-[(3R5S,6R>5-Butyl^-(2,2-diraethylpropoxy)- 

morpholin-3-yl]-l-(3,5-difluorobenzyl)-2-hydroxyediyl]-acetairiide 
hydrochloride 


457 


186 


N-{(lS^S)-l-(3 s 5-Di£luoroben2yl)-2-[(3R,5S,6R)-6-(2^- 
dimethylpropoxy>5-(3 -fluoropropyI)-morphoIin-3 -yI]-2- 
hydroxyethyl}-acetamide hydrochloride 


461 


187 


N-{(lS,2S)-l-(3,5-Difluorobeai2yl)-2-t(3R5S,6R)-6-(2^-^ime1hyl- 
butoxy)-5-methylmoipholin-3-yl]-2-hydroxy^thyl>-acetarnide 

1 t 1 « mm ' " " 

hydrochloride 


429 


188 


N-[(lS^S)-2-((3R,5S,6R)-6-Cyclohexylmethoxy-5-methyl- 

moipholin-3-yl)-l-(3 5 5-difluoroben2yl)-2-hydroxyethyl]-acetam 
hydrochloride 


441 


189 


N-{(lS,2S)-l-(3,5-Difluorobenzyl)-2-[(3R5S,6R)-6-(4 > 4- 
difluorocyclohexyLmethoxy)-5-methylmorpholin-3- 
yl]-2-hydroxyethyl } -acetamide hydrochloride 


477 


190 


N-{(lS,2S)-l-(3,5-Difluorobenzyl)-2-[(3R,5S,6R)-6-(3-fluoro- 
propoxy>5-memylmorpholin-3-yl]-2-hydioxyethyl}-acetamide 
hydrochloride j 


405 


191 


N-{(lS 5 2S)-l-(3,5-Difluorobenzyl)-2-hydroxy-2-[(3R,5S J 6R)-5- 
methyl-6-(33,3-txifluoropropoxy>morpholiii-3-yll-ethyU- 


441 
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acetamide hydrochloride 




192 


N-KlS.2SM-(3.5-DifluorobenzvlV'>-rf3R.5S 6RV6-(2-ethvl- 

butoxy)-5-me1hylmoiphol^ 

hydrochloride 


429 


193 


N-iflS 2SVl-f3 5-DifluorobenzvlV2-hvdroxv-2-rr3R,5S.6K>-5- 

me1hyl-6-(tetx^ydropyran^ 

acetamide hydrochloride 


443 


194 


N-ffIS 2SVl~tt 5-Difluorohen7vn-2-hvdroxv-2-rnTL5S 6RV5- 

X> ^IUj^iIJ ^ X ' JL^JJ^UV/Ji VLI&JUUCfYXy ^ "XXy\X±KJA.y ^^IVjJUjVly/ — ' 

methyl-6-(4 ? 4,4-1rixluorobuto^ 
hydrochloride 


455 


195 


N-fflS 2SV1-n 5-Difliiorohen7vlV2-hvdrow-2-rnR 6RVS- 

methyl-6-(4,4,4-fciflu^^ 

ethyl} -acetamide hydrochloride 


483 


196 


1> \\ 1 J *■ \ XL4\AL*JU>dXZ-J' 1 J~^"±iy KJLXKJA^y ^ \J XV, JO, 'JXV / ~> XXI C Lxxy X — 

6-(2 ? 2-dimethyl-propoxy)-morplioliii-3 -yl]-ethyl} -acetamide 
hydrochloride 


397.3 


197 


KT-in S 253V 1 -H - fTri fl 1 1 ornm pth vl th i rAh pn tv 1 V 9 - hvd«vx' v-9 - 

[(3lC5S ? 6R)-5-methyl-6-(2,2-dm 

efhylj-acetamide hydrochloride 


479.2 


198 


N-IH S ^SVl-r3-FluorobenzvlV2-hvdroxv-2-rr3R.5S 6RV5-methvl- 

6-(2,2-dimethyl-propoxy)-mo 

hydrochloride 


397.2 


199 


N-IC1S 2SVl-(2 4-DifluoroberizvlV2-hvciroxv-2-rr3IL5S 6RV5- 

J. ^ 1 l i Uj*«U ^ X X*rXXXl>l-VJl.VJUwXX<oy X J Jt~ lyUlUA^ ^JlVjJ \J^\JX\.J ~J 

methyl-6-(2 ? 2-dimethy]-propoxy)-moipholiB-3 -yl]-ethyl} -acetamide 
hydrochloride 


415.3 


200 


N-/nS 25?Vl-n-Triflnr>rnrnpthv1heri7v1V?-livrlrrivv-2-rnR fittV 

X\-^x 0 ? ^0 ) X \P X lJULi LIUI VJlllCLlljlUCiXtiyi y-^-M^LllUA.j'-^.~^-7xv ? JO a UJV/^ 

5-methyl-6-(2 5 2-dimethyI-propoxy)^^ 
acetamide hydrochloride 


447.3 . 


201 


"NWHS 2SV1-n-Trifluoromethvlben!7v1V2--rivdrnyv-2-rnR 5S fiRV 
5-methyl-6-(2,2-dimethyl-propoxy)-moipholin-3-yl]-ethyl}- 
acetamide hydrochloride 


447.3 


202 


N-inS 2SV1-H 5-difluorobenzvlV2~hvdroxv-2-rnR 5S 6RV5- 
methyl-6-(2(R)-methoxy-propoxy)-morpholin-3-yl]-ethyl}- 
acetamide hydrochloride 


417.0 


203 


^{(lS^S^l^jS-Difluorobenzy^-KSRjOTl^J-e-Cl-fluoromethyl- 
cyclopentyhiie&oxy)-morphoIin-3-yl]-2-hydroxyethyl}-acetaraide 
hydrochloride 


445 


204 


N-{(lS,2S)-l-(3,5-Difluoroben2yl)-2-[(3R 5 5S,6R)-6-(l- 
fiuoromethyl-cyclopentyimethoxy) -5-methyl -morpholin-3 -yl] -2- 
hydroxyethyl}-acetamide hydrochloride 


459 


205 


N-{(lS,2S)-l-(3,5-Difluorobenzyl>2-[(3R,6R)-6-(l- 
difluoromethyl-cyclopenty]methox30-inorpholin-3-yl]-2- 
hydroxyethyl} -acetamide hydrochloride 


463 


206 


N-{(lS,2S>l-(3,5-Difluorobenzyl)-2-hydroxy-2-[(3R,5S,6R)-5- 
methyl-6-(l-trifluoromethylcyclopropylmethoxy)-morpholin-3-yl]- 
ethyl}-acetamide hydrochloride 


467 
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207 


i\-\^io,zo ^-z-|^j>js. 5 oj\.j-o-^i -r luoromemyi-^ ) 

morpholin-3-yl]-l-(3-fluorp^^ 

acetamide hydrochloride 


. 485 


208 


2 ? 2-dimethyl-propoxy)-5-me1hyl-moi^holin-3-yl]-2-hydroxy- ' 
ethyl} -acetamide hydrochloride 


451 


209 


I > ^ ^ X O^O J"^~^ {J XV, UXv j \y— \D —XI LlDL \J ^ "XX IXUI uxixc my 1 jl, 111 C5 Liiy 1 

propoxy)-moipholin-3 -yl] - 1 -(3-fluoro-5 -isobutoxy-benzyl)-2- 
hydroxy-ethyl} -acetamide hydrochloride 


491 


210 


iN-^^i o ? ZrO j x ^-j -^yuiLrpcixiyioxy-^ xxuuilj- ucixz,yi yDi\. 9 k>js~J \j \j 

fluoro-2-fluoromethyl-2-methyl-prop^ 1 -2- 
hydxoxy-ethyl} -acetamide hydrochloride 


503 


211 


in - \y i ^jiv,ojx.j-o-^j -iiuoro-z-iiuoromeixiyi-z-meixiyi- 
propoxy)-morpholin-3-yl]-l-(3-fluoro-5-isopropoxy-benzyl)-2- 
hydroxy-ethyl} -acetamide hydrochloride 


477 


212 


xn-|^i &,Zi3 )-jL-\_ \y -tv, oiv )-\>-\p -iiixoro -z -11 uoromeiixy i -z -me uxy i - 
propoxy)-morpholin-3-yl]-l -(3-fluoro-5-propoxy-benzyl)-2- 
hydroxy-ethyl} -acetamide hydrochloride 


. 477 


213 


in- (\ i o ? 4i3 (jK}Oiy - 0"(j,j -ijiix uoro -z ? z -uxmeiuyi-propoxy 

morpholin-3-yl]-l-(3-fluoro-5-is^ 

acetamide hydrochloride 


491 


214 


in- | z- l^in^oxv j-o-^z^-jdis-(JE1 uoromeuiyi )~ Dixxoxy j-morpnoiiix- d -yij - 

(1 S,2S)-1 -(3 5 5-dxfluoro-beiizyl)-2-hydx^^^ 

hydrochloride 


451 


215 


in - \ \ i a,zoj- 1 "\p 9 d -urn uoro-Denzyi \yp iv,_> o,oivj-o-^ 1 - 
difluoromethyl-cyclopentyta 
hydroxy-ethyl}-acetamide hydrochloride 


477 


216 


in - |z- [pK,j o,oxv j-o-(z s z - Jts is - ^nuorometnyi j- Duioxyjo -metnyi- 
morpholin-3-yl]<lS,2S)-lr(3,5-difluoro-bexizyl)-2-hydroxy-e^ 
acetamide hydrochloride 


465 


217 


±y-\Z "i^js^ ojx /-o-^ i -J-/1I1 uoromeiiiy i -cy ciopeniyxmeuioxy 
morpholin-3-yl]-(lS 5 2S)-l-(3-fluoro-5-propoxy-beiizyl)-2-hydroxy 
ethyl} -acetamide hydrochloride 


503 


218 


in - 1 z- Jis-jOix. ^-o-^z,z-ois-^nuoromeuiyi ^- Duioxy j-morpnomi-3 -yij - 
(1 S,2S)-1 -(3-fluoro-5-propoxy-benzyl)-2-hydroxy-ethyl} -acetamide 

Trvfl to r* n 1 i"vn fi f* 

Alj UX KJ \^xll\Jl 1UC 


491 


219 


N-{(lS,2S)-[2-(3R,5S,6R)(6-Cyclopenty]mefhoxy-5-methyl- 
morpholin-3-yl)- 1 -(3 ,5 -difluoro-berizyl)-2 -hydroxy-ethyl] } - 
acetamide hydrochloride 


427 


220 


N-{(lS > 2S)-[2-(3R,5S,6R)-[6-(4,4-Difluoro-cyclohexy]methoxy)-5- 
methyl-morpholin-3-yl]-l-(3-fluoro-5-propoxy-benzyl)-2-hydroxy- 
ethyl] -acetamide hydrochloride 


517 


221 


N-{(lS,2S)-l-(3,5-Difluorobenzyl)-2-hydroxy-2-[(3R,6R)-6-(4 : ,4 3 4- 

tiifliioro-2^-dmiemyl-butoxy)-morpholm-3-yl]-e^yl}-acetarmde 

hydrochloride 


469 


222 


N-{(lS^S)-l-(3-Fluoro-5-propoxy-benzyl)-2-hydroxy-2- 
[(3R,5S ! 6S)-5-methyl-6-(2,2,2-trifluoro-ethoxy)-morpholin-3-yl]- 


467 
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ethyl}-acetamide hydrochloride 




223 


N-{(lS,2S)-l-(3-Fluoro-5-isobutoxy-ben^^ 
[(3R,5S,6S)-5-methyl-6-(2,2,2-ti^^ 
ethyl}-acetainide hydrochloride 


481 


224 


N-{(lS,2S)-l-[3-(2,2-DifIuoro-ethoxy^ 
2-[(3R,5S,6S)-5-meihyl-6-(2,2,2-tr^ 
ethyl} -acetamide hydrochloride 


489 



EXAMPLE 225 
N-{ 1 -Cyclohexylmethyl-2-[6-(2,2-dimefo^ 

hydroxy-ethyl} -acetamide hydrochloride 
5 Dissolve N- { 1 -benzyl -2-[6-(2 3 2-dimethy^ 

hydroxyethyl} -acetamide (21 mg, 0.051mmol) in glacial acetic acid (5.0 mL) with 30% 
platinum (TV) oxide (40 rag) in a high pressure reaction vessel. Stir under an atmosphere 
of 50 psi hydrogen gas overnight Filter catalyst, concentrate, and purify (reverse phase 
chromatography, eluting with acetonitrile/0.01 M hydrochloric acid). Lyophilize 
1 0 overnight to give the title compound as a white powder (1 5 mg, 69% yield). 
LC-MS: mlz = 385 [M+H] + , 383 [M-H] 

EXAMPLE 226 

N-{(lS,2S)-l-(3-Isopropyisulfanyl-5-fluorobenzyl)-2-hydroxy-2-^ 
1 5 6-(2,2-di-(fIuoromethyl)propoxy)-morpholin-3-yl] -ethyl} -acetamide hydrochloride 

Cool a solution of (lS 5 2S)-2-Amino-3-(3-isopropylsulfanyl-5-fluorobenzyl)-l- 

[(3R,5S,6R)-6-(2,2-di~(fluoromethy^ (60 

mg, 0.13 mmol) in 1:1 dichloromethanerdiethyl ether (1.29 mL) to 0°C. Add acetyl 

chloride (9 jjL, 0.13 mmol) and stir at 0°C for 1 hour. Dilute reaction mixture with 
20 methanol and concentrate under a stream of nitrogen. Subject residue to reverse phase 

HPLC chromatography, eluting with a gradient of 10 — 1 00% acetonitrile in 0.01 M HC1. 

Combine desired fractions, freeze, and remove volatiles by lyophilization to provide the 

title compound as a white powder (20 mg, 28%). 

LC-MS: m/z = 507 [M+H] + 
25 The compounds of EXAMPLES 227 - 257 may be prepared essentially as 

described in EXAMPLE 226. 



EX 



Compound 



MS (ES) 
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227 


N-{(1 S,2S)- 1 -(3 -Isopropylsulfanyl-5 -fluorobenzyl)-2~hydroxy-2- 

[(3R,6R)-6-(2,2-di-(fluorome 

acetamide hydrochloride 


492.8 


228 


N-{(1 S,2S)-H3-(2-methylpro 
hydroxy-2-[(3R,5S,6R)-6-(2,2-di-^^ 
morpholin-3-yl]-ethyl}-acetemide hydrochloride 


520.O 
[M 4 ] 


229 


N-{(1 S,2S)-1 -(3-(2;2-dimethylpropoxy)-5-fl^^ 
hydroxy-2-[(3R,5S,6R)-6-(2;2-di-^ 
morpholin-3-yl]-ethyl}-acetamide hydrochloride 


519.3 
[M++H] 


230 


N-{(lS,2S)-l-(3-isobutoxy-5^ 
(3li5S 9 6R)-5-me1hyl-6-(3-flu^^ 
3-yl]-e1hyl}-acetamide hydrochloride 


487.3 
[M*+H] 


231 


N- { (1 S ? 2S)- 1 -(3 -cy clopropylmethoxy-5 -fluorobenzyl)-2-hydroxy-2- 

(3R,5S,6R)-5-methyl-6-(3-fl^^ 

3-yll-ethyl}-acetamide hydrochloride 


485.0 
[M++H] 


232 


N- { (1 S,2S)- 1 -(3-cyclobutoxy-5-fluorobenzyl>2-hydroxy-2- 

(3R,5S,6R)-5-methyl-6-(2^-di-^ 

3-yl]-ethyl} -acetamide hydrochloride 


502.8 
[M+H] 


233 


N- { ( 1 S ? 2S)-1 -(3 -propoxy-5 -fluorobenzyl)-2-hydroxy-2-(3R,5 S ? 6R)- 
5-methyl-6-(2 ? 2 ? 2-tri-(fluorome^yl)ethoxy)-morpholin-3-yl]^ 
ethyl}-acetamide hydrochloride 


509.3 
[M'+H] 


234 


N-{(1 S 5 2S)-l-(3-propoxy-5-fluoro^ 
5-methyl-6-(trimethylsilylmeth^ 
acetamide hydrochloride 


471 

pvf+H] 


235 


N-{(lS.2S)-l-(3-phenylsulfanyl-5-fluorobenzyl)-2--hydroxy-2- 

(3R,5S,6R)-5-methyl-6-(2 5 2-di-(fluorom 

3 -yl]-ethyl} -acetamide hydrochloride 


441.0 
DVT+H] 


236 


N-[(lS ? 2S)-2-[(3R,5S ? 6R)-6-(3-Fluoro-2-fluoromethyl-2-methyl- 
propoxy)-5-methyl-morpholin-3-yl]-2-hydroxy- 1 -(3-trifluorometh- 
oxy-benzyl)-ethyl]-acetaroide hydrochloride 


499.3 


237 


Pentanoic acid {(lS > 2S)-l-(3,5-difluoro-benzyl)-2-[(3R 3 5S 5 6R)-6- 
(2 ? 2-dimethyl-propoxy)-5-methyl-morphoIin-3-yl]-2-hydroxy~ 
ethyl} -amide hydrochloride 


457.39 
[Ml 


238 


N-{(lS > 2S)-l-(3 5 5-Dmuoro-ben2yl)-2-[(3R 5 5S,6R)-6-(2^dimethyl- 
propoxy )- 5 -methyl -morpholin- 3 -y I] -2 -hy droxy-ethy 1 } -3 -methoxy- 
propionamide hydrochloride 


459.29 
[M*l 


239 


5-Methyl-hexanoic acid {(lS,2S)-l-(3 s 5-difluoro-ben2yl)-2- 
[(3R 3 5S,6R)-6-(2 ? 2-dimethyl-propoxy)-5-methyl-moipholin-3-yl]-2- 
hydroxy-ethyl}-amide hydrochloride 


485.7 
[Ml 


240 


Octanoic acid {(lS 5 2S)-l-(3 9 5-difluoro-benzyl)-2-[(3R,5S,6R)-6- 
(2,2-dimethyl-propoxy)-5-methyl-morpholin-3-yl]-2-hydroxy- 
ethyl} -amide hydrochloride 


499.9 
[Ml 


241 


Heptanoic acid {(lS > 2S)-l-(3 ? 5-difluoro-benzyl)-2-[(3R 9 5S,6R)-6- 
(2,2-dimethyl-propoxy)-5-methyl-moipholiii-3-yl]-2-hydrox) r - 
ethyl} -amide hydrochloride 


485.56 
[Ml 


242 

1 


4-Methyl-pentanoic acid {(lS,2S)-l-(3,5-difluoro-benzyl)-2- 
[(3R J 5S ? 6R)-6-C2,2-dimethyl-propoxy)-5-methyl-morpholin-3-yl]-2- 


471.36 
[Ml 
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hydroxy-ethyl} -amide hydrochloride 




243 


Cvclohutflnecarhnwlic arid i(] S 7SV1 S-rliflnnro-hpnTvI V?- 

[(3R,5S 5 6R)-6-(2,2-dimeth^^ 
hydroxy-ethyl} -amide hydrochloride 


455.39 
[M 4 ] 


244 


(^vfi1nliPYan£*r*arhrYvv1 , ir ariH ffl ^ 9S > V-1 —C\ ^-»Hi"fliinm-.Vif a n*7v^-.9- 

^sj vJUL^ACUJLv>wCU. UKJA.J XXVs fl.wJ.VJ. \ \^ 1 i3 J X \-f y^^%JLXX±\X\JL\J U KslXiaj X) 

[(31^5S ; 6R)-6-(2 5 2-dimethyl-pro^ 
hydroxy-ethyl}-amide hydrochloride 


483.34 
[M 4 ] 


245 


6-(2 ? 2-dimethyl-propoxy)-5-methyl-mo 
ethyl}-acetamide hydrochloride 


483.35 
[M 4 ] 


246 


rN- ^ x o,z.o 1 \j y j-JL'iiiuoro-Deiizy i j-z- j^j o 9 ojv^-o-^5^ uixuctiiyi- 

propoxy)-5-methyl~moipholm^ 

dimethyl-butyramide hydrochloride 


471.47 
|Mj 


247 


i^yciopeiiTaiicwdrDoxyjLiu acici ^io ? xo j i -^o -uixiuoro-Deix&y 1 y-z- 

[(3R,5S 5 6R)-6-(2;2-dimethy^^ 

hydroxy-ethyl} -amide hydrochloride 


469.38 


248 


XN--^^ i 1 -^j> s 3-iJiriLioro-DeTizyx j-z-lv-j xv,d o,oj^^-o-^z 5 z-aimeiiiyi- 
propoxy)-5-methyl-motpholin-3-yl]-2-hydix)xy-ethyl}- 
isobutyramide hydrochloride 


443.39 
[M 4 ] 


249 


JY1 C 9C\.1,/Q ^-Fltflnrkrr\-ViW7v1V9-r^T? /T£>V/^ 9_Hirn*»tlw1- 
^ 1 D ,Z DJ- J. -^.3 9 .3 - j-J 1Z1 uoro- DCTlZyi |_ lO iv, J o .OJN. y-O- ^Z^-Q1II1C ixiyi- 

propoxy)- 5 -methy l-morpholin-3 -yl] -2 -hydroxy-ethyl } -carbamic 
acid butyl ester hydrochloride 


473.34 


250 


propoxy)-5-me1hyl-morpholin-3-yl]-2-hydroxy-ethyl}-carbaim 
acid isopropyl ester hydrochloride 


459.31 
[M 4 ] 


251 


/HS 95sV1-H S-Diflnnrn-hp;n7vlV9-rn'R fn?V<W9 9-Hirnev.livl- 
\ ^i Oj<iL) ^ i j^jJULivji vj~uciJLZiy iy ^ ^ JXvyw> o .vxivy u ^z< 3 z u.i 11 iouj.y i 

propoxy)-5-methyl-moipholm^ 
acid pentyl ester hydrochloride 


487.34 

pO 


252 


^1u,Zij y-i -{D 9 J-±Jxx±\x\JxyJ~vsZxx^ 

propoxy)-5-met±iyl-morphol^ 
acid propyl ester hydrochloride 


459.38 
[M 4 ] 


253 


XL. <Y1 C ^-"niflnr\rr\-Vi^nTO^-9-rr"^P £P\ £ f9 9 Him^tVi^rl- 

in- \ u,zj jl J -JL^iiiuoro-Deiizyi ^-z-^^j^3o,Oj^/-o-^,^-uimcuiyi^ 
propoxy)-5~propyl-moipholih-3-yl]^^ 

livf? to ch 1 n ri de 


443.0 
[M+H] 


254 


N-{(lS,2S)-l-(3,5-Difluoro-benzyl)-2-[(3R,5S,6R)-6-(2,2-diiiiethyl- 
propoxy)-5-propyl-morpholin-3-yl]-2-hy(lroxy-ethyl}-propionaraide 
hydrochloride 


457.2 
[M+H] 


255 


N-{(lS,2S)-l<3,5-Dmuoro-benzyI)-2-[(3R,5S,6R)-6-(2>dimethyl- 
propoxy)-5-propyl-morpholin-3-yl]-2-hydroxy-ethyl}-2-methoxy- 
acetamide hydrochloride 


473.2 
[M+H] 


256 


N-{l-[3-(2,2-Dimethyl-propoxy)-5-fluoro-benzyl]-2-[6-(3-fluoro- 
2^-bis-fluoromethyl-propoxy)-5-methyl-morpholin-3-yl]-2- 
hydroxy-ethyl}-acetamide hydrochloride 


537 
[M+H] 


257 


N-{l-[3-(3,5-difluorobenzyl]-2-[6-(l-methylcyclobutylmethoxy)-5- 
methyl-morpholin-3-yl]-2-hydroxy-ethyl } -acetamide hydrochloride 


427 
[M+H] 
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EXAMPLE 258 

N-{(lS;2S)-l-(3-Propyls^ 

(2,2-cH-(fluorome1liyl)propoxy)-moiph^ 

Cool a solution of (lS,2S)-2-An^o-3-(3 ? 5-dffl^^ 
5 di-(fluoromethyl)propoxy)-5-me^ (148 mg 5 0.33 mmol) in 

dichloromethane (3.29 mL) to 0 9 C. Add N-acetyl imidazole (43 mg, 0.39 mmol) and 
triethylamine (91 jjL, 0.65 mmol). Allow reaction mixture to warm to room temperature 
and stir over night. Dilute reaction mixture with dichloromethane and add IN KH2PO4. 
Wash organic phase with IN KH2PO4., dry over sodium sulfate, and concentrate under 
10 reduced pressure. Subject residue to reverse phase HPLC chromatography, eluting with a 
gradient of acetonitrile (1 0-100%) in 0.01 M HC1 to provide 50 mg (29%) of the title 
compound. 

MS(ES): m/z = 493.3 [M^+H] 

1 5 The compounds of EXAMPLES 259 - 260 may be prepared essentially as 

described in EXAMPLE 258. 



EX 


Compound 


MS(ES) 


259 


{(lS,2S)-l-(3-(3-methylbutyl)-benzyl)-2-[(3R,5S,6R)-6-(2^-di- 
(fluoromethyl)-propoxy)-5-methyl-morpholin-3-yl]-2-hydroxy- 
ethyl}-acetamide hydrochloride 


485.3 
[M+H] 


260 


{(lS,2S)-l-(3-(3-methylbutyl)-5-fluoro-benzyl)-2-[(3R,5S 5 6R)-6- 
(2^2-di-(fluoromethyl)-propoxy)-5-nietiiyI-morphoIin-3-yl]-2- 
hydroxy-ethyl}-acetamide hydrochloride 


503.3 
[M+H] 



EXAMPLE 261 
N-{(lS£S)-l-(3-Propoxy-5-fluoroben^ 
20 fluoro-2 ? 2-dimethylpropoxy)-morpholin-3-yl]-ethyl}-ace1amide hydrochloride 

Stir a solution of (2R,3S 3 5R>5-[(lS^S)-l-Hydroxy-2-aceiylamino-3-(3-propoxy- 
5-fluorophenyl)-propyl]-2-(3-fluoro^ 

carboxylic acid tert-butvl ester (175 mg) in trifluoroacetic acid (5 mL) for 30 minutes at 
room temperature. Concentrate under a stream of nitrogen and subject the residue to 
25 reverse phase HPLC, eluting with 10-100% acetonitrile in 0.01 M HC1, to provide the 
title compound. 
MS(ES): m/z = 473 [M'+H] 
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EXAMPLE 262 

3-Methoxypropionic acid {(lS,2S)-l-(3-cycIopropylmethoxy-5-fluorobeaxzyl)-2- 
[(3R,5S,6R)-5-methyl-6-(3-fluoro^^ 
5 hydroxyethyl} -amide hydrochloride 

Add 3-methoxypropionic acid (30 pL, 0.322 mmol), EDCI (93 jng, 0.484 mmol), 
and HOBT (65 mg, 0.484 mmol) to a solution of (lS,2S)-2-amino-3-(3-cyclopropyl- 
methoxy-5-fluorophenyl)-l-(3]^5S 5 6R>^ 

morphoIin-3 -yl] -propan- 1 -ol (138.2 mg, 0.322 mmol) in tetrahydrofuran 5 mL and stir at 
10 room temperature for 3 hours. Dilute the reaction mixture with ethyl acetate, and wash 
with 1.0 N HC1 followed by saturated aqueous sodium chloride. Dry the organic phase 
with magnesium sulfate and concentrate under reduced pressure. Subject the residue to 
reverse phase chromatography, eluting with 10-40% acetonitrile in 0.001 N HC1 to 
provide the title compound. 
15 MS(ES): m/e = 5293 (lVf'+H) 

The compounds of EXAMPLES 263 - 273 may be prepared essentially as 
described in EXAMPLE 262. 



EX 


Compound 


MS(ES) 


263 


5,5-Dimethyl-4-oxo-hexanoic acid {(lS,2S)-l-(3,5-difluoro- 
benzyl)-2-[(3I^5S,6R)-6-(2,2-dimetliyl-propoxy)-5-metiiyl- 
morpholin-3-yl]-2-hydroxy-ethyl}-amide hydrochloride 


513.57 
[M 4 ] 


264 


(E)-2-Methyl-hex-2-enoic acid {(lS,2S)-l-(3 5 5-difluoro-benzyl)-2- 
[(3R,5 S,6R)-6K2,2-dimethyl-propoxy)-5-mediyl-morpholiii-3-yl] -2- 
hydroxy-ethyl}-amide hydrochloride 


483.37 


265 


(R)-N-{(lS,2S)-l-(3,5-Difluoro-benzyl)-2-[(3R,5S,6R)-6-(2 9 2- 
dimethyl-propoxy)-5-methyl-morpholin-3-yl]-2-hydroxy-ethyl}-2- 
methoxy-propionamide hydrochloride 


459.33 
[Ml 


266 


Hex-5-ynoic acid {(lS,2S)-l-(3,5-difluoro-benzyl)-2-[(3R,5S,6R)-6- 
(2,2-dimethyl-propoxy)-5-methyl-morpholin-3-yl]-2-hydroxy- 
ethyl} -amide hydrochloride 


467.33 
[Ml 


267 


N-{(lS^S)-l<3,5-Dmuoro-ben2yl)-2-[(3R,5S,6R)-6<2,2siimethyl- 
propoxy)-5-methyl-morpholin-3-yl]-2-hydroxy-ethyl}-2-ethoxy- 
acetamide hydrochloride 


459.37 
[Ml 


268 


Pent-4-ynoic acid {(lS,2S)-l-(3,5-dMuoro-benzyl)-2-[(3R5S,6R>- 
6-(2,2-dimethyl-propoxy)-5-methyl-morpholin-3-yl]-2 -hydroxy- 
ethyl} -amide hydrochloride 


453.36 
[M 4 ] 


269 


N-{(1 S,2S)-1 -(S^-Dmuoro-benzyl^-KS^SS^-e^^-dimethyl- 
propoxy)-5-methyl-moipholm-3-yl]-2-hydroxy-ethyl}-3-ethoxy- 
propionamide hydrochloride 


473.35 
[M 4 ] 
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270 


(\ TV/IWViirl-A r\-vr\ *h intern nir» c\r>\t\ iYI Q 1 < ^\S\ ^^ifliirk-rr\-.Vip*ri , 7v1V9- 
D-lVlClliyi-^r-OXO-IlCp UxUUlV CL\j\Kx \\L J L~yD yD-Kll 1 lUOrU-DPIAZijf -i J 

[(3R,5S,6R)-6<2 ? 2-dime1hyl-propoxy^^ 
hydroxy-ethyl}-amide hydrochloride 


51336 
[M 4 ] 


271 


N-{(lS 3 2S)-l-(3 9 5-Dffiuo^ 
propoxy)-5-methyl-morpholin-3-yl>^ 
acetamide hydrochloride 


473.35 
[Ml 


272 


4-Cyclopen1yl-N-{(lS,2S)-^ 
(2,2-dimethyl-propoxy)-5-methyl-moipholin-3-yl]-^ 
ethyl}-4-oxo-butyramide hydrochloride 


525.32 
IM 1 ] 


273 


5,5-Dimethyl-hexanoic acid {(!S ? 2S)-l-(3 ? 5-dLfluoro-benzyl)-2- 
[(3R,5S,6R)-6-(2,2-dimethyl-propoxy)-5-^^ 
hydroxy-ethyl} -amide hydrochloride 


499.33 
[Ml 


The compounds of EXAMPLES 274 - 324 may be prepared essentially as 
described in EXAMPLE 67. 


EX 


Compound 


MS (ES) 


274 


N-{(lS,2S)-l-(3-Bromo-5-fluorobe^ 
dimethyl-propoxy)-5-me1hyl-moi^^ 
acetamide hydrochloride 


*t /o.u 
[M++H] 


275 


N-{(lS,2S)-l-(3-Propyl-5"jQuorobeiizyl)-2-[(3R,5S 5 6R)-6-(2 3 2- 
dimethyl-propoxy)-5-methyl-morpholin-3-yl]-2-hydroxyethyl}- 
acetamide hydrochloride 


439.3 
[M"+H] 


276 


N-{(lS,2S)-l-(3-(3-Methylbu^ 
(2,2-dimethyl-propoxy)-5-methyl-m^ 
acetamide hydrochloride 


467.5 


277 


N-{(lS£S)-l-(3-(2-Ethoxyphe^ 
(2 5 2-dimethyl-propoxy)-5-methyl-^^ 
acetamide hydrochloride 


517.3 
[M'+H] 


278 


N-{(1 S;2S)-l-(4-Methyl-3,5-d^ 

dimethyl-propoxy)~5-methyI-morpholin-3 -yl] -2-hydroxyethyl} - 
acetamide hydrochloride 


429.0 
[M'+H] 


279 


N- {(1 S,2S)-1 -(4-(3-methylbutyl)-3,5-difluorobenzyl)-2- 
[(3E^5S 5 6R)-6-(2,2-di-(fluoromethyl)-propoxy)-5-methyl- 
morpholin-3-yl]-2-hydroxyethyl}-acetaniide hydrochloride 


485.3 
[M'+H] 


280 


N-{(lS ? 2S)-l-(3-Butyl-5-fluorobenzyl)-2-[(3R,5S,6R)-6-(2,2- 
dimethyl-propoxy)-5-methyl-morpholin-3-yl]-2-hydroxyethyl}- 
acetamide hydrochloride 


453.3 
[M'+H] 


281 


N-{(lS,2S)-l-(3,5-Dmuoroben^ 
propoxy)-5-methyl-morpholin-3-yl]^^ 
difluoroheptanoic acid amide hydrochloride 


535.2 
[M'+H] 


282 


N-{(lS,2S)-l-(3-Butyl-5-fluorobenzyI)-2-[(3R,5S 5 6R)-6-(2 9 2- 
dime1iyl-propoxy)-5-me1±iyl-morphol^-3-yl]-2-hydroxyethyl}-6- 
methyl-4 9 4-difluoroheptanoic acid amide hydrochloride 


573.3 
[M'+H] 


283 


N-{l-(3-Bromo-5-fluorobenzyl)-2-[(3R,5S,6R)-6-(2 5 2-dimethyl- 
propoxy)-5-me1hyl-morpholin-3-yl]-2-hy<h*oxye1hyl}-acetamide 


475.0 
[M'+H] 



WO 2006/034093 



PCT/US2005/033277 



-197- 





hydrochloride 




284 


N-{(lS,2S)-l-(3,5-Difluorobeazyl)-2-[(3R,61l)-6-(2^-6^ethyl- 
propoxy)-moipholin-3-yl]-2-liydroxyethyl}-6-meAyl-heptanoicacid 
amide hydrochloride 


485.2 
[MT+H] 


285 


N-[(lS^S)-2-((3R,6R)-6-Cyclohexylmethoxy-morpholin-3-yl)-l-(3- 

fluoro-5-prop6xy-ben2yl)-2-hydroxy-ethyl]-acetamide 

hydrochloride 


467.3 
[Ml 


286 


N-[(l S,2S)-2-((3R ? 6R)-6-(>clohexylmethoxy-morpholin-3 -yl)- 1 -(3 - 

fluoro-5-isobutoxy-ben2yl)-2-hydroxy-ethyl]-acetarnide 

hydrochloride 


481.2 
[Ml 


287 


N-[(lS,2S>2-((3R,6R)-6-Cyclohexylme^ 

fluoro-5-(2,2^-trifluoroetho^ 

hydrochloride 


507.3 

[M 4 ! 


288 


A^(l&2S>l-(3>Difl^ 

methyl-6-((S)-2-methyl-butoxy> 

hydrochloride 


415.6 

[Ml 


289 


N~{(lS,2S)-l-(3,5-Dffiuoro-ben2yl^ 
methyl-tetrahycfro-pyran-4-yta 
acetamide hydrochloride 


443.8^[M 4 ] 


290 


N-[(lS 9 2S)-2-[(3R ? 6R)-6-(Bicyclo[2.2.1]hept-l-ylmethoxy)- • 
morpholin-3-yl]-l-(3 3 5-difluoro-beiizyl)-2-hydroxy-ethylJ- 
acetamide hydrochloride 


439,25 
[Ml 


291 


N-{(lS^S)-l-(3,5-Difluoro-beii2yl>2«hydroxy-2-t(3R,6R)-6-(l- 
methyl--cyclopentyIrQethoxy)-'morpholin-3 -ylj-ethyl} -acetamide 
hydrochloride 


427.2 ipyr^ 


292 


N-{(lS,2S)-l-(3>Difluoro-ben^ 
trifluoro-2-me1hyl-2-trifl^^ 
ethyl} -acetamide hydrochloride 


509.24 
[Ml 


293 


N-{(1 S,2S)-1 -(3 s 5-DifluorcHbenzyl)-2-[(3R,6R>6-(2 9 2-diinethyl- 
butoxy)-morpholin-3 -yl]-2-hydroxy-ethyl} -acetamide hydrochloride 


415.56 
[Ml 


294 


N-{(lS;2S)-H3,5-DMuoro-ben^ 

pentyloxy)-morpholin-3-yl]-2-hydroxy-ethyl}-acetamide 

hydrochloride 


429.6 [M*] 


295 


N-{(1 S,2S)- 1 -(3 ,5-Dmuoro-ben2yl)-2-hydrox 

phenyl-cyclopen1ylmethoxy)-moipholin-3^ 

hydrochloride 


489.6 


296 


N-{(lS,2S)-l-(3 7 5-Difluoro-be^ 

trme1hyl-peniyloxy)-moipholm^ 

hydrochloride 


443.31 
[M 4 ] 


297 


Octanoic acid {(lS,2S)-l-(3 9 5-difluoro-benzyl)-2-[(3R 5 6R)-6-(2,2- 

dimethyl-propoxy)-morpholin-3-yi]-^^ 

hydrochloride 


485.7 [M*] 


298 


5-Methyl-hexanoic acid {(lS,2S)-l-(3,5-difluoro-benzyl)-2- 

[(3R,6R)-6-(2^-dimethyl-pro 

ethyl}-amide hydrochloride 


471.9 [M*] 


299 


2,5-Dimethyl-fliran-3-carboxylic acid {(lS,2S)-l-(3,5-difiuoro- 
benzyl)-2-[(3R,6R)-6-(2 5 2-dimethyl-propoxy)-morpholin^ 


481.34 
[Ml 
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hydroxy-ethyl}-amide hydrochloride 




300 


Heotanoic acid -fCIS 2SM-G 5-difluoro-benzvri-2-rf3R.6R.V6-f2 2- 

dimethyl-propoxy)-morpho]in-3-yl]-2-hydroxy-eth 

hydrochloride 


471.39 
[Ml 


301 


ffiV2-Methvl-but-2-enedioic acid 4-fldS 2SVl-(3 5-difluoro- 
benzyl)-2-[(31^6R)-6-(2,2-dm^ 

hydroxy-ethyl}-amide) 1-Cmefhyl-propyl-amide) hydrochloride 


526.9 [Ml 


302 


N-IC1S 2SV1-C3 5-Difluoro-benzvn-2-rGR-6RV6-r2 2-dimethvl- 

propoxy)-moipholin-3-yl]-2-hydro 

succinamide hydrochloride 


514.9 [M 4 ] 


303 


rE^-2-Methvl-hex-2-enoic acid 4Y1S 2SV1-C3 5-difluoro-benzvlV2- 

[(3R,6R)-6-(2 ? 2-dimethyl-propoxy)-mo^ 

ethyl}-amide hydrochloride 


469.7 [M 4 ] 


304 


5 S-Dimetlivl-4— oxo-hexanoic acid (C\ S 2SV1 -f3 S-difluoro- 

benzyl)-2-[(31^6R)-6-(2,2-dm^ 

hydroxy-ethyl} -amide hydrochloride 


499.68 
[M 4 ] 


305 


N-fflS 2SV1-H 5-Difluoro-beiizvlV'>-rGR.6RV6-r2 2-dimethvl- 
propoxy)-moipholin-3-yl]-2-hydroxy-ethyl}-N'-ethyl-N'-propyl- 
succinamide hydrochloride 


528.35 
[M 4 ] 


306 


N-lflS 2SV1-C3 5-Difluoro-beiizvlV2-hvdroxv-2-rr3R.6RV6-ri- 

methyl-cyclopenlylmeth^^ 

hydrochloride 


427.33 
[M 4 ] 


307 


Furan-2 ^-dirarhnxvlic acid *}J[i(\ S 9SV1 -(3 S-difl iioro-heri7v1V9- 
[(3R,6R)-6-(2 5 2-dimethyl-propoxy)-moipholin-3-yl]-2-hydroxy- 
ethyl} -amide)-5-(methyl-propyl-amide) hydrochloride 


552.41 
[M 4 ] 


308 


4-Metxivl-Dentanoic acid -fH S 2SV1-G 5 -difluoro -b enzvl V2~ 

T XTXVUXYX UVJUKM miv CXVJ.V* 111 UjX-'U / X I »J uiXXUVX V U vllti r 1 1 — ■ 

[(31^6R)-6-(2 3 2-dimethyl^ 
ethyl}-amide hydrochloride 


457.4 [M 4 ] 


309 


6-TVfethvi-4-nxo-heT>tanoir acid If IS ?SY-]-f3 ^-dif1uoro~benzvlV2- 

[(3R,6R)-6-(2,2-dimethyl-propoxy)-^^ 

ethyl} -amide hydrochloride 


499.33 
[M 4 ] 


310 


Yyi- Oj^>0 J 1 I XVXXXU-vXVJ' C'WXlZjjfl ^ [_ I J XV ; VJ XX. J \J y ^ »■* xXXX W IXXj 1 

propoxy)-morpholin-3 -yl] -2-hy droxy-ethyl} -carbamic acid pentyl 
ester hydrochloride 


473.33 
[M 4 ] 


311 


i(lS ?SVl-(3 5-Difluoro-beiizvlV2-rGR.6RV6-('2 ^-dimethvl- 
propoxy)-morpholin-3-yl]-2-hydroxy-efliyl}-carbamic acid butyl 
ester hydrochloride 


459.32 
[M 4 ] 


312 


5-tert-Butyl-2-methyl-furan-3-carboxylic acid {(lS,2S)-l-(3,5- 
ciifluoro-benzyl)-2-[(3R,6R)-6-(2 s 2-dime1hyl-propoxy)-morpholiii- 
3-yl]-2-hydroxy-ethyl}-amide hydrochloride 


523.37 
[M 4 ] 


313 


4-Oxo-hexanoic acid {(lS,2S)-l-(3,5-difiuoro-benz3'l)-2-[(3R,6R)- 

6-(2^-dJimethyl-propoxy)-morpholin-3-yl]-2-hydroxy-ethyl}-amide 

hydrochloride 


471.35 
[M 4 ] 


314 


(E)-3,5,5-Trimethyl-4-oxo-hex-2-enoic acid {(lS,2S)-l-(3,5- 
difluoro-ben2yl)-2-[(3j^6R)-6-(2,2-dimethyl-propoxy)-mojpholin- 
3-yl]-2-hydroxy-ethyl>-amide hydrochloride 


511.33 
[M 4 ] 
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315 


rRV-Mefhvl-oct-2-enoic acid <Y1 R 9SV1-f3 5-difhinro-hen7-vlV2- 

[(3R,6R)-6-(2,2-dimetiiyl-propoxy)-moipholin-3 

ethyl} -amide hydrochloride 


497.36 
[Ml 


316 


i. > |yi J 5 - fiJ J \~'5*^ -L-» JJLJ. \J Ut»J_LtiVJLF ^ 1 I J±V 3 \JXV J \J^\£*jj!* UJJ.lldJJ.Vl 

propoxy)-morpholin-3-yl]-2-hydroxy-e^yl}-N\N'-dipropyl- 
succinamide hydrochloride 


542.55 ' 
[Ml 


317 


propoxy)-morpholin~3-yl]~2-hydroxy-e1hyl}-carbamic acid hexyl 
ester hydrochloride 


487.37 
[Ml 


318 


benzyl)-2-[(3R 9 6R)^-(2,2^ 
hydroxy-ethyl}-ainide hydrochloride 


497.33 
[Ml 


319 


/t-Pvrl nnpntvl -N- 9 5s V 1 -H S-Hiflnnrn-hpn 7^1^9-17^ fTRi-fi- 

*T Vw^'C'lUJL'C'llLjKl 1N~ UjZ,0 y — 1 j^~4JJlJ.L101 W — UCAiX.^ 1 y~^~|^— >JrA^ 5 TJI_VJ — VJ~ 

(2,2Kjjmethyl-propoxy)-m^ 
butyramide hydrochloride 


511.32 
[M 4 ] 


320 


5 5-Diinethvl-hexanoic acid <f(lS ^SVl-(3 5-difLuoro-benzvlV2- 
[(3R,6R)-6-(2,2-dimethyl-propoxy)-morpholin-3-yl]-2-hydroxy- 
ethyl}-amide hydrochloride 


485.32 
[M 4 ] 


321 


(E)-2,4 5 4-Trimethyl-hept-2-enoic acid {(lS^S)-l-(3,5-difluoro- 
benzyl)-2-[(3R,6R)-6-(2,2-dimethyl-propoxy)-morpholin-3-yl]-2- 
hydroxy-etibiyl}-amide hydrochloride 


511.4 [M 4 ] 


322 


(E)-2,5-Dimethyl-hex-2-enoic acid {(lS,2S)-l-(3,S-difluoro- 
benzyl)-2-[(3R,6R)-6-(2,2-a^ethyI-propoxy)-rrupholiri-3-yl]-2- 
hydroxy-eihyl}-arnide hydrochloride 


483.2 
[M+H] 


323 


(E>6,6,6-Trifluoro-2-inethyl-hex-2-enoic acid {(lS,2S)-l-(3,5- 
d^uoro-ben2yl)-2-[(3R,6R)-6-(2,2-dimethyl-propoxy)-morpholin- 
3-yl]-2-hydroxy-ethyl}-amide hydrochloride 


523.0 
[M+H] 



EXAMPLE 324 

N-{(1 S,2S)-l-(3-Cyclopropylm^^ 

5 -methyl-morpholin--3 -yl] -2-hydroxy-ethyl } -acetamide hydrochloride 
5 Add dnsopropyleiiiylainirie (0.003 mL) to an ice cold solution of acetic anhydride 

(0.0018 mL) and (lS,2S)-2-airdno-3-(3-cyclopropylmetlioxy-phenyl)- 
(2 5 2-dimethyl-propoxy)-5-m (9 m g). 

Stir 2 hours and add saturated aqueous sodium bicarbonate. Wash organic layer with IN 
aqueous hydrochloric acid, dry with magnesium sulfate and filter. Add IN hydrogen 
10 chloride in ether (0.05 mL) and evaporate to give the title compound (5.5 mg). MS(ESI): 
rn/z = 449 [M+H]\ 



EXAMPLE 325 
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• N-{(lS,2S)-l-(3-Cyclopropyta 
fluoromethyl-2-methyl-propoxy)-5-m 

hydrochloride 

Add acetic anhydride (0.040 mL, 0.428 mmol) to an ice cold solution of (1 S,2S)- 
5 2-ammo-3-(3-cyclopropyImethoxy-5^ 

fluoromethyl-2 -methyl-propoxy)-5 -methyl-morpholin-3 ~yl] -propan- 1 - ol (187 mg 5 0.41 
mmol) and stir 45 minutes. Add aqueous IN hydrochloric acid, back extract with 
dichloromethane, wash with saturated sodium chloride, dry with magnesium sulfate and 
purify on C-l 8 reversed phase silica gel with acetomtrile/water/trifluoroacetic acid 
10 mixtures. Combine fractions and remove acetonitrile by evaporation. Lyopholize for 18 
hours and dissolve in dichloromethane and add IN hydrogen chloride (0.25 mL) in 
diethyl ether and evaporate. Coevaporate twice with IN hydrogen chloride (0.25 rnL) in 
diethyl ether to give the title compound (106 mg). MS(ESI): m/z = 503 [M+H] + . 

15 The compounds of EXAMPLES 326 - 330 may be prepared essentially as 



described in EXAMPLE 325. 



EX 


Compound 


MS (ES) 


326 


N-[(lS,2S>2-[(3R,5S,6R)-6-(3-Fluoro-2-fluoromethyl-2-mefhyl- 
propoxy)-5-methyl-morph.olin-3-yl]-l-(3-fluoro-5-isobutoxy- 
benzyl)-2-hydroxy-ethyl]-acetamide hydrochloride 


505 
• [M+H] + 


327 


N-{(lS^S)-2-[(3R,5S,6R)-6-(3-Fluoro-2-fluoromethyl-2-methyl- 
propoxy)-5-methyl-morpholin-3-yl]- 1 -[3-fluoro-5-(2-methyl- 
cyclopropylmsthoxy)-benzyl]-2-hydroxy-ethyl}-acetamide 
hydrochloride 


517 
[M+H] + 


328 


N-{(lS,2S)-2-[(3R,5S,6R)-6-(3-Fluoro-2-fluoromethyl-2-methyl- 
propoxy)-5-methyI-morpholin-3-yl]- 1 -[3-£luoro-5-(l -methyl- 
cyclopropylmethoxy)-berjzyl]-2-hydroxy-ethyl}-acetamide 
hydrochloride 


517 
[M+H] + 


329 


N-{(lS 5 2S)-l-[3-(l-Cyclopropyl-ethoxy>5-fluoro-hen2yl]-2- 
[(3R,5S,6R)-6-(3-fluoro-2-fluoromethyl-2-methyl-propoxy)-5- 
methyl-morpholin-3-yl]-2-hydroxy-ethyl}-acetamide 
trifluoroacetate 


517 
[M+H] + 


330 


N-[(lS,2S)-2-[(3R,5S,6R)-6-(3-Fluoro-2-fluoromethyl-2-methyl- 
propox^0-5-methyl-morpholin-3-yl]-l-(3-fluoro-5-hydroxy-ben2yl)- 
2-hydroxy-ethyl]-acetamide trifluoroacetate 


449 
[M+H] + 



EXAMPLE 331 
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N-[2-[6-(3-Fluoro-2-fluoromethyl-2-mefo^ 
fluoro-5-propoxy-benzyl)-2-hyto 
Add triethyl amine (0.025mL) and acetic anhydride (0.013mL) to a solution of 5- 
[2-amino-3-(3-fluoro-5-propoxy-phenyl)-l^ 
5 2-methyl-propoxy)-3-methyl-morpholine-4-carboxylic acid tert-butyl ester (67mg) in 
dichloromethane (2mL). Stir at room temperature for 2 hours. Concentrate under 
reduced pressure and subject to silica gel chromatography, eluting with a linear gradient 
from hexanes to ethyl acetate to afford 5-[2-acetylamino-3-(3-fluoro-5-propoxy-phenyl)- 
1 -hydroxy-propyl]-2-(3-fluoro-2-fluoro 
10 4-carboxylic acid tert-butyl ester (49mg, 68%) 
MS: 7h/2 = 591 [M+H*] 

Dissolve 5-[2-acetylamino-3-(3-fluoro-5-propoxy-phenyl)-l-hydroxy-propyl]-2- 
(3-fluoro-2-fluoromethyl-2-methyl-propoxy)-3 ~methyl-morpholine-4-carboxylic acid tot- 
butyl ester (49mg) in trifluoroacetic acid (lmL), stir at ambient temperature for 20 
1 5 minutes and concentrate under reduced pressure. Dissolve residue in DMSO and purify 
by reverse-phase chromatography eluting from 10% acetonitrile in 0.01M HC1 to 100% 
acetonitrile. Collect and evaporate the appropriate fractions, then precipitate the residue 
by adding diethyl ether, and drying under vacuum to afford the title compound (9.5mg). 
LCMS: m/z = 491 [M+H+] 

20 

EXAMPLE 332 

N- { (1 S,2S)- 1 -(3-cyclopentyloxy-5-fluoro-benzyl)-2-[ (3R,5S,6R)-6-(3 -fluoro-2- 
fluoromethyl-2-methyl-propoxy)-5-^ 

acetamide hydrochloride 
25 Stir a suspension of N-{(lS,2S)-l-(3-hydroxy-5-fluoro-benzyl)-2-[ (3R,5S,6R)-6- 

(3 -fluoro-2-fluoromethyl-2-methyl-propoxy)-5 -methyl-morpholin-3 -yl] - 1 -2-hydroxy- 
ethyl} -acetamide (211.83 fxmoles; 95.00 mg), bromocyclopentane, (423.65 |imoles; 45.45 
p-L;) and cesium carbonate (635.48 pinoles; 207.05 g) in dimethylformamide (1.06 
mL) in a sealed tube at 90°C for lh. Add water and extract with ethyl acetate. Dry 
30 the combined organic layers over MgSCU, filter, and concentrate under reduced pressure. 
Subject residue to silica gel chromatography, eluting with 1% to 5% 7N NH 3 in MeOH/ 
dichloromethane gradient, to provide the free base of the title compound as a pale yellow 
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solid. Add 2M HC1 in diethyl ether (2 mL) to the free base and remove solvent under 
vacuum to provide the title compound. 

MS(ES):/n/z = 517 

The compounds of EXAMPLES 333 - 334 may be prepared essentially as 



5 described in EXAMPLE 3 32. 



EX 


Compound 


MS(ES) 


333 


N-{(lS^S)-2-[(3R,5S,6R)-6-(3-fluoro-2-fiuoromethyl-2-methyl- 
propoxy)-5-methyl-inorpholin-3-yl]-l-(3-fluoro-5-isopropoxy- 
ben2yl)-2-hydroxy-ethyl} -acetamide hydrochloride 


491 
[M+H] 


334 


N-{(lS,2S)-2-(3R,5S,6R)-[5-Ethyl-6-(3-fluoro-2-fluoromefhyl-2- 
methyl-propoxy)-morpholin-3-yl]-l-[3-fluoro-5-(2-fluoro-ethoxy)- 
benzyl]-2-hydroxy-ethyl}-acetamide hydrochloride 


509 
[M+H] 



EXAMPLE 335 
N-{(lS ? 2S)-2-[(3R*5S,6R)-6-(3~Fluoro-2£ 
yl]-l-[3-fluoro-5-(2-fluoro-ethoxy)-ben^ 
10 The title compound may be prepared essentially as described in EXAMPLE 261. 

MS(ES): m/z « 476.8 [M^+H] 

The compounds of Formula I are inhibitors of B ACE and thereby inhibit the 
production of A-p peptide which has been implicated in the pathology and progression of 

15 a number of neurodegenerative disorders, including Alzheimer's disease (See : Varghese, 
et aL, Journal of Medicinal Chemistry, 46(22), 4625 (2003)). Methods for determining 
the BACE inhibitory activity of compounds are well known in the art (See : Sinha, et al., 
Science. 286, 735 (1999); Turner, et aL, Biochemistry. 40, 10001 (2001); Horn, et aL, 
Journal of Medicinal Chemistry. 46, 1799 (2003); US #5,744,346; US #5,942,400; 

20 WO00/17369; WO00/03819; WO 03/040096; and WO 04/024081). 

In vitro Assay Procedures; 

For in vitro enzymatic and cellular assays, test compounds are prepared in DMSO to 
make up a 10 millimolar stock solution. The stock solution is serially diluted (in a 1 :3, 
1:2.5, 1:2, or 1:1 dilution series) in DMSO to obtain a final compound concentration of 10 
25 millimolar to 1 micromolar at the first highest concentration pf a ten-point dilution curve 
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in a 96-well round-bottom plate right before conducting the in vitro enzymatic and whole 
assays. 

In vitro protease inhibition assays; 

BACE1 mcaFRET Assay 

5 Serial dilutions of test compounds are prepared, as described above. Two 

microliter of each dilution is added to each well on row A to H of a corresponding low 
protein binding black plate to which 50 microliter of 50 millimolar ammonium acetate, 
pH 4.6, 1 mM Triton X-100, lmg/ml Bovine Serum Albumin, and 15 micromolar of 
FRET substrate (sequence: (MCA)-S-E-V-N-L-D-A-E-F-R-K(Dnp)-R-R-R-R-NH 2 ) for 

1 0 BACE1 activity are pre-added. The content is mixed well on a plate shaker for 1 0 min. 
Fifty microliter of two hundred picomolar human BACEl(l-460):Fc (See: Vasser, et aL, 
Science. 286, 735-/41 (1999)) in the same reaction buffer described above is added to the_ 
plate containing substrate and test compounds to initiate the reaction. The relative 
fluorescence unit (RFU) of the mixture at time 0 is recorded at excitation wavelength 

1 5 330mn and emission wavelength 400nm 5 after brief mixing on a plate shaker. The 

reaction plate is covered with aluminum foil and kept in a dark humidified oven at room 
temperature for 1 6 to 24 hours. The RFU at the end of incubation is recorded with the 
same excitation and emission settings. The dSBSfctice of the RFU at time 0 and the end of 
incubation represents the activity of BACE1 under the compound treatment The 1 0- 

20 point inhibition curve was plotted and fitted with the four-parameter logistic equation to 
obtain the EC 5 o and IC 5 o values. (See: Sinha, etal., Nature, 402, 537-540 (2000)). The 
exemplified compounds of Formula I were tested essentially as described above and 
exhibited an IC 5 o value for BACE1 of lower than 15jnM. The following exemplified 
compounds were tested essentially as described above and exhibited the following 

25 activity for BACE1: 



EXAMPLE 


BACE1 IC S o(nM) 


10 


270 


12 


110 


67 


2.8 
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135 I 78 

BACE2 mcaFRET Assay 

Serial dilutions of test compounds are prepared as described above. Two 
microliter of each dilution is added to each well on row A to H of a corresponding low 
protein binding black plate to which 50 microliter of 50 millimolar ammonium acetate, 
5 pH 4.6, 1 mM Triton X-100, lmg/ml Bovine Serum Albumin, and 15 micromolar of 
FRET substrate (sequence: (MCA)-S-E-V-N-L-D-A-E-F-R-K(Dnp)-R-R-R-R-NH 2 ) for 
BACE2 activity are pre-added. The content is mixed well on a plate shaker for 10 min. 
Fifty microliter of four hundred picomolar purified recombinant human BACE2(1- 
460):Fc in the same reaction buffer described above is added to the plate containing 

1 0 substrate and test compounds to initiate the reaction. The relative fluorescence unit 

(RFU) of the mixture at time 0 is recorded at excitation wavelength 330nm and emission 
wavelength 400nm, after brief mixing on a plate shaker. The reaction plate is covered 
with aluminum foil and kept in a dark humidified oven at room temperature for 1 6 to 24 
hours. The RFU at the end of incubation is recorded with the same excitation and 

1 5 emission setting. The difference of the RFU at time 0 and the end of incubation 

represents the activity of BACE2 under the compound treatment. The 1 0-point inhibition 
curve was plotted and fitted with the four-parameter logistic equation to obtain the EC50 
and IC50 values. For example, the BACE2 IC50 value for the compound of EXAMPLE 
135 is 220 nM, representing approximately a 3 fold selectivity for BACE1 inhibition. 

20 Expression of human BACE1 and human BACE2. 

Human (accession number: AF190725) BACE1 and human BACE2 (accession 
number: AF 204944) were cloned from total brain cDNA by room temperature-PCR. 
The nucleotide sequences corresponding to amino acid sequences #1 to 460 were inserted 
into the cDNA encoding human IgGi (Fc) polypeptide (Vassar et al. 1999). This fusion 

25 protein of B ACE 1(1 -460) or BACE2(l-460) and human Fc, named /z«BACEl:Fc and 
fa/BACE2:Fc respectively, were constructed into the pJB02 vector. Human BACE1(1- 
460):Fc (/zwBACEl:Fc) and human BACE2(l-460):Fc (huBACE2:Fc) were transiently 
expressed in HEK293 cells. 250 u.g cDNA of each construct was mixed with Fugene 6 
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and added to 1 liter HEK293 cells. Four days after the transfection, conditioned media 
were harvested for purification. 

Purification of AnBACEl :Fc and fti*BACE2:Fc. 

5 Conditioned media of HEK293 cell transiently transfected with fe/BACEl :Fc or 

/zwBACE2:Fc cDNA were collected. Cell debris was removed by filtering the 
conditioned media through 0.22 pm sterile filter. 5 ml Protein A-agarose (bed volume) 
was added to 4 liter conditioned media. This mixture was gently stirred overnight at 4° C. 
The Protein A-agarose resin was collected and packed into a low-pressure 

1 0 chromatography column. The column was washed with 20X bed volumes of PBS at flow 
rate 20 ml per hour. Bound fo/BACEl :Fc or ftwBACE2:Fc protein was eluted with 50 
mM acetic acid, pH 3.6, at flow rate 20 ml per hour. 1 ml fractions of eluate were 
neutralized immediately with 0.5 ml 200 mM ammonium acetate, pH 6.5. The purity of 
final product was assessed by electrophoresis in 4-20% Tris-Glycine SDS-PAGE. The 

15 enzyme was stored at -80C in small aliquots. 

Whole cell assay for measuring the Inhibition of Beta-Secretase Activity 

The routine whole cell assay for the measurement of inhibition of beta-secretase 
activity utilizes the human embryonic kidney cell line HEK293p (ATCC Accession No. 
CRL-1573) stably expressing a human APP751 cDNA containing the naturally occurring 

20 double mutation Lys651Met52 to Asn651Leu652, commonly called the Swedish 

mutation (noted HEK293/APP751sw) and shown to overproduce Abeta (Citron et aL, 
1992, Nature 360:672-674). Human embryonic kidney HEK293p cells stably expressing 
wild-type human APP751 cDNA (noted HEK293/APP75 1 wt) are also used to assess the 
inhibition of beta-secretase activity. In vitro Ap reduction assays have been described in 

25 the literature (See: Dovey, et aL, Journal of Neurochemistrv. 76, 173-1 81 (2001); 

Seubert, et aL, Nature. 361, 260 (1993); and Johnson-Wood, et aL, Proc. Natl. Acad. Sci. 
USA, 94, 1550-1555 (1997)) 

Cells (HEK293/APP75 1 sw or HEK293/APP751wt, at 3xl0 4 cells/well, containing 
200 microliters culture media, DMEM containing 10% FBS) are incubated at 37C for 4 to 
30 6 hours in the presence/absence of inhibitors (diluted in DMSO) at the desired 
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concentration. At the end of the incubation, conditioned media are analyzed for beta- 
secretase activity, for example, by analysis of Abeta peptides designated Api-x. Abeta 
peptides are measured by a sandwich ELISA, using monoclonal 266 as a capture antibody 
and biotinylated 3D6 as reporting antibody. In addition, other APP cleavage fragments, 
5 such as sAPPbeta, the cleavage product of full length APP by BACE1, can be measured 
in conditioned medium to assess beta-secretase activity. The sAPPbeta fragments are 
analyzed by a sandwich ELISA, using monoclonal 8E5 antibody as a capture antibody 
and rabbit polyclonal 192sw or 192wt as a reporting antibody. The concentration of 
Abeta or sAPPbeta released in the conditioned media following the compound treatment 
10 corresponds to the activity of BACE1 under such conditions. The 1 0-point inhibition 
curve was plotted and fitted with the four-parameter logistic equation to obtain the EC 5 o 
and IC50 values for the Abeta, sAPPbeta-lowering effect. The following exemplified 
compounds were tested essentially as described above and exhibited the following 
activity for Abeta lowering effect: 



EXAMPLE 


IC 5 o(nM) 


10 


780 


12 


340 


67 


32 


135 


95 



15 In vivo Inhibition of Beta-Secretase 

Several animal models, including mouse, guinea pig, dog, and monkey, may be 
used to screen for inhibition of beta- secretase activity in vivo following compound 
treatment Animals used in this invention can be wild type, transgenic, or gene knockout 
animals. For example, the PDAPP mouse model, prepared as described in Games et al., 

20 1995, Nature 373:523t527 9 and other non-transgenic or gene knockout animals are useful 
to analyze in vivo inhibition of Abeta and sAPPbeta production in the presence of 
inhibitory compounds. Generally, 2 to 12 month old PDAPP mice, gene knockout mice 
or non-transgenic animals are administered compound formulated in vehicles, such as 
corn oil, cyclodextran, phosphate buffers, Pharmasolve, or other suitable vehicles. One to 

25 twenty-four hours following the administration of compound, animals are sacrificed, and 
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brains as well as cerebrospinal fluid and plasma are removed for analysis of Abeta and 
sAPP fragments. (See : Dovev, et aL, Journal of Neurochemistrv. 76, 173-181 (2001); 
and Johnson-Wood, et aL 9 Proc. Natl. Acad Sci. USA . 94, 1550-1555 (1997)) 

Beginning at time 0, animals are administered by oral gavage or other means of 
5 delivery, such as sub-cutaneous inj ection of an inhibitory compound up to 1 00 mg/kg in a 
standard formulation such as 7% Pharmasolve. A separate group of animals receive 
Pharmasolve alone and serve as a vehicle-control group. At the end of the test period, 
animals are sacrificed and brain tissues, plasma or cerebrospinal fluid are analyzed for the 
presence of Abeta peptide and sAPPbeta, for example, by specific sandwich ELISA 
10 assays. For some chronic studies, brain tissues of APP transgenic animals are also 
analyzed for the amount of beta-amyloid plaques following compound treatment, for 
example, by standard histochemical and immunohistochemical methodologies. 

Animals (PDAPP or other APP transgenic or non-transgenic mice) administered 
an inhibitory compound may demonstrate the reduction of Abeta or sAPPbeta in brain 

15 tissues, plasma or cerebrospinal fluids and decrease of beta amyloid plaques in brain 
tissue, as compared with vehicle-treated controls. For example, 3 hours after 
administration of 100 mg/kg sub-cutaneous dose of the compound of EXAMPLE 135 to 
young PDAPP mice, Abeta peptide levels are reduced 39%, 40% and 25% in plasma, 
cerebrospinal fluid and brain cortex, respectively, compared to vehicle-treated mice. 

20 Animals (PDAPP or other APP transgenic mice) administered the inhibitory compounds 
of the invention may also show improvement in cognitive behavioral assessments for 
learning and memory tasks. 

Oral administration of the compounds of the present invention is preferred. 
However, oral administration is not the only route or even the only preferred route. For 

25 example, transdermal administration may be very desirable for patients who are forgetful 
or petulant about taking oral medicine, and the intravenous route may be preferred as a 
matter of convenience or to avoid potential complications related to oral administration. 
Compounds of Formula I may also be administered by the percutaneous, intramuscular, 
intranasal or intrarectal route in particular circumstances. The route of administration 

30 may be varied in any way, limited by the physical properties of the drugs, the 
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convenience of the patient and the caregiver, and other relevant circumstances 
(Remin gton f s Pharmaceutical Sciences, 18th Edition, Mack Publishing Co. (1990)). 

The pharmaceutical compositions are prepared in a manner well known in the 
pharmaceutical art The carrier or excipient may be a solid, semi-solid, or liquid material 
5 that can serve as a vehicle or medium for the active ingredient Suitable carriers or 

excipients are well known in the art. The pharmaceutical composition may be adapted for 
oral, inhalation, parenteral, or topical use and may be administered to the patient in the 
form of tablets, capsules, aerosols, inhalants, suppositories, solutions, suspensions, or the 
like. 

10 The compounds of the present invention may be administered orally, for example, 

with an inert diluent or capsules or compressed into tablets. For the purpose of oral 
therapeutic administration, the compounds may be incorporated with excipients and used 
in the form of tablets, troches, capsules, elixirs, suspensions, syrups, wafers, chewing 
gums and the like. These preparations should contain at least 4% of the compound of the 

1 5 present invention, the active ingredient, but may be varied depending upon the particular 
form and may conveniently be between 4% to about 70% of the weight of the unit. The 
amount of the compound present in compositions is such that a suitable dosage will be 
obtained. Preferred compositions and preparations of the present invention may be 
determined by methods well known to the skilled artisan. 

20 The tablets, pills, capsules, troches, and the like may also contain one or more of 

the following adjuvants: binders such as povidone, hydroxypropyl cellulose, 
microcrystalline cellulose, or gelatin; excipients or diluents such as: starch, lactose, 
microcrystalline cellulose or dicalcium phosphate, disintegrating agents such as: 
croscarmellose, crospovidone, sodium starch glycolate, corn starch and the like; 

25 lubricants such as: magnesium stearate, stearic acid, talc or hydrogenated vegetable oil; 
glidants such as colloidal silicon dioxide; wetting agents such as: sodium lauryl sulfate 
and polysorbate 80; and sweetening agents such as: sucrose, aspartame or saccharin may 
be added or a flavoring agent such as: peppermint, methyl salicylate or orange flavoring. 
When the dosage unit form is a capsule, it may contain, in addition to materials of the 

30 above type, a liquid carrier such as polyethylene glycol or a fatty oil. Other dosage unit 
forms may contain other various materials that modify the physical form of the dosage 
unit, for example, as coatings. Thus, tablets or pills may be coated with sugar, 
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hydroxypropyl methylcellulose, polymethacrylates, or other coating agents. Syrups may 
contain, in addition to the present compounds, sucrose as a sweetening agent and certain 
preservatives, dyes and colorings and flavors. Materials used in preparing these various 
compositions should be pharmaceutically pure and non-toxic in the amounts used. 
5 The compounds of Formula I are generally effective over a wide dosage range. 

For example, dosages per day normally fall within the range of about 0.0001 to about 
.30 mg/kg of body weight. In some instances dosage levels below the lower limit of 
the aforesaid range may be more than adequate, while in other cases still larger doses 
may be employed without causing any harmful side effect, and therefore the above 

1 0 dosage range is not intended to limit the scope of the invention in any way. It will be 
understood that the amount of the compound actually administered will be determined 
by a physician, in the light of the relevant circumstances, including the condition to be 
treated, the chosen route of administration, the actual compound or compounds 
administered, the age, weight, and response of the individual patient, and the severity 

1 5 of the patient's symptoms. 

In order to achieve or maintain appropriate levels of the compounds of 
Formula I in the brain of an afflicted mammal, it may be necessary or desirable to co- 
administer an effective amount of an inhibitor of P-glycoprotein (P-gp). P-gp 
inhibitors arid the use of such compounds are known to those skilled in the art. (See : 

20 Cancer Research. 53, 4595 (1993); Clin. Cancer Res .. 2, 7 (1996); Cancer Research. 
56, 4171 (1996); WO99/64001; and WO01/10387). 

The P-gp inhibitor may be administered in any manner that achieves a 
sufficient degree of inhibition of P-gp to achieve or maintain sufficient levels of the 
compounds of Formula I for effective BACE inhibition in the brain of an afflicted 

25 mammal. As such, the P-gp inhibitor may be administered separately before, during, 
or after the administration of a compound of Formula L Furthermore, if desirable, the 
P-gp inhibitor may be formulated with a compound of Formula I. These formulations 
and methods represent further embodiments of the present invention. 

Many suitable P-gp inhibitors are known today and undoubtably others will be 

30 identified in the future. Suitable P-gp inhibitors include cyclosporin A, verapamil, 
tamoxifen, quinidine, Vitamin E-TGPS, ritonavir, megestrol acetate, progesterone, 
rapamycin, 10, 1 1 -methanodibenzosuberane, phenothiazines, acridine derivatives 
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such as GF120918, FK506, VX-710, LY355979, PSC-833, GF-102,918 and other 
steroids. 



WO 2006/034093 



PCT/US2005/033277 



-211- 



We Claim: 

1. A compound of Formula I: 

H OH H 




5 where: 

R 1 is Ci-Cio alkyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; 
C2-C8 alkenyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; C2-C$ 
alkynyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; or C3-C8 
cycloalkyl; each optionally substituted up to six times with fluoro, or with up to four 

10 substituents independently selected from the group consisting of halo, cyano, methyl 

optionally substituted with up to three fluoro atoms, trifluoromethoxy, Cx-C$ alkoxy, C 3 - 
C 7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 ; or R 1 is hydrogen; furyl optionally 
substituted with C(0)NR 7 R 7 or up to two times with C1-C6 alkyl; thienyl; tetrahydrofuryl; 
NR 7 R 8 ; or d-C 6 alkoxy; 

15 R 2 is C1-C3 alkyl optionally substituted with C3-C6 cycloalkyl; benzyl optionally 

monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, hydroxy, thiol, benzyloxy, C\-Ce alkyl optionally substituted in the alkyl chain up 
to three times with fluoro or with C 3 -C 6 cycloalkyl optionally substituted with C1-C3 
alkyl, Ci-Ce alkoxy optionally substituted in the alkyl chain up to three times with fluoro 

20 or with C3-Q cycloalkyl optionally substituted with C1-C3 alkyl, C 2 -C6 alkenyloxy, Ci-Ce 
alkylthio optionally substituted in the alkyl chain up to three times with fluoro or with C 3 - 
Q cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl 
optionally substituted with Q-Ce alkyl or C\-Cs alkoxy, and phenylthio; benzyl 
disubstituted in the phenyl ring with a first substituent selected from the group consisting 

25 of halo, trifluoromethoxy, and C1-C6 alkyl optionally substituted in the alkyl chain up to 
three times with fluoro or with C 3 -C 6 cycloalkyl optionally substituted with C1-C3 alkyl, 
and a second substituent selected from the group consisting of halo, Ci-Ce alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, Ci-C^ alkoxy optionally substituted in 
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the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with Q-C3 alkyl, C 2 -C 6 alkenyloxy, Ci-C^ alkylthio optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl optionally substituted with Ci-Ce 
5 alkyl or C1-C6 alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from Ci-C 6 alkyl; 

R 3 is hydrogen or Ci-C* alkyl optionally substituted with C 3 -Cg cycloalkyl or up 
to three times with fluoro and R 4 is hydrogen or Ci-Ce alkyl; or R 3 and R 4 taken together 
10 with the carbon atom to which they are attached form a C3-C6 cycloalkyl ring; 

R 5 is hydrogen; R 9 ; or-(CH 2 )o-2-OR 9 ; 

R 6 is hydrogen or phenyl; 

G is O; 

R 7 is selected independently at each occurrence from the group consisting of 
15 hydrogen, Cj-C$ alkyl, and phenyl; 

R 8 is hydrogen; Ci-C 6 alkyl; phenyl; -C(0)(Ci-C 6 alkyl); or-S0 2 (C!-C 6 alkyl); 
R 9 is hydrogen; C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 
(Ci-C 6 alkyl)silyl; C2-C10 acyl; C 2 -C 6 alkenyl; or -(CH 2 )o-4-R 10 ; 

R 10 is C 3 -C 8 cycloalkyl; C 3 -Cs cycloalkanonyl; tetrahydrofuryl; tetrahydropyranyl; 
20 or phenyl each optionally substituted with one substituted selected from the group 

consisting of C3-C8 cycloalkyl, phenyl, and benzyl, up to four times with fluoro, or with 
one or two substitutents independently selected from the group consisting of halo, C1-C6 
alkyl optionally substituted up to three times with fluoro, Ci-Ce acyl, Ci-C 6 alkoxy, 
hydroxy, and trifluoromethoxy; or R 10 is adamantyl; or a pharmaceutically acceptable salt 
25 thereof. 

2. A pharmaceutical formulation comprising a compound of Claim 1 , in 
combination with a pharmaceutically acceptable carrier, diluent, or excipient 

30 3. The use of a compound of Claim 1 for the manufacture of a medicament for the 

inhibition of B ACE. 
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4. The use of a compound of Claim 1 for the manufacture of a medicament for the 
treatment of Alzheimer's disease. 

5. A compound of Formula II: 



R 1 is Cl-Cio alkyl optionally substituted with C 3 -C$ cycloalkyl, phenyl, or furyl; 
C2-C8 alkenyl optionally substituted with C 3 -C 8 cycloalkyl, phenyl, or furyl; C 2 -Cg 

10 alkynyl optionally substituted with C 3 -C s cycloalkyl, phenyl, or furyl; or C 3 -C g 

cycloalkyl; each optionally substituted up to six times with fluoro, or with up to four 
substituents independently selected from the group consisting of halo, cyano, methyl 
optionally substituted with up to three fluoro atoms, trifluoromethoxy, C1-C6 alkoxy, C3- 
C 7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 ; or R 1 is hydrogen; furyl optionally 

15 substituted with C(0)NR 7 R 7 or up to two times with C1-C6 alkyl; thienyl; tetrahydrofuryl; 
NR 7 R 8 ; or Ci-C 6 alkoxy; 

R 2 ' is C1-C3 alkyl optionally substituted with C3-C6 cycloalkyl; benzyl optionally 
monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, -OR 12 , thiol, Ci-C 6 alkyl optionally substituted in the alkyl chain up to three times 

20 with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce 

alkoxy optionally substituted in 1he alkyl chain up to three times with fluoro or with C3- 
Ce cycloalkyl optionally substituted with C1-C3 alkyl, C2-C6 alkenyloxy, Ci-Q; alkylthio 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, C 3 -C g cycloalkoxy, phenyl optionally 

25 substituted with Ci-C 6 alkyl or Ci-C 6 alkoxy, and phenylthio; benzyl disubstituted in the 
phenyl ring with a first substituent selected from the group consisting of halo, 
trifluoromethoxy, and C\-Ce alkyl optionally substituted in the alkyl chain up to three 
times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, and a 



5 




n 



where: 
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second substituent selected from the group consisting of halo, -OR 12 , thiol, Cj-Ce alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-Q 
cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
5 substituted with C1-C3 alkyl, C2-C6 alkenyloxy, C1-C6 alkylthio optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl C3-C8 cycloalkoxy, phenyl optionally substituted with Ci-Ce 
alkyl or C1-C6 alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituehts independently selected from halo or two substituents independently 
10 selected from halo and a third substituent selected from Ci-Ce alkyl; 

R 3 is hydrogen or Ci-Ce alkyl optionally substituted with C3-C8 cycloalkyl or up 
to three times with fluoro and R 4 is hydrogen or Q-C6 alkyl; or R 3 and R 4 taken together 
with the carbon atom to which they are attached form a C3-C6 cycloalkyl ring; 

R 5 is R 9 ; or-<CH 2 ) 0 -2-OR 9 ; 
15 R 6 is hydrogen or phenyl; 

Gis O; 

R 7 is selected independently at each occurrence from the group consisting of 
hydrogen, Ci-C 6 alkyl, and phenyl; 

R 8 is hydrogen; Ci-C 6 alkyl; phenyl; -C(0)(CrC 6 alkyl); or -S0 2 (Ci-C 6 alkyl); 
20 R 9 is hydrogen; C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 

(C r C 6 alkyl)silyl; C 2 -C 10 acyi; C 2 -C 6 alkenyl; or -(CH 2 )o-4-R 10 ; 

R 10 is C 3 -C 8 cycloalkyl; C3-C8 cycloalkanonyl; tetrahydrofuryl; tetrahydropyranyl; 
or phenyl each optionally substituted with one substitutent selected from the group 
consisting of C3-Q cycloalkyl, phenyl, and benzyl, up to four times with fluoro, or with 
25 one or two substitutents independently selected from the group consisting of halo, Q-C6 
alkyl optionally substituted up to three times with fluoro, C 2 -Ce acyl, Q-C6 alkoxy, 
hydroxy, and trifluoromethoxy; or R 10 is adamantyl; 

R u> hydrogen or a nitrogen protecting group; 

R 12 is hydrogen or an oxygen protecting group; or an acid addition salt thereof 
30 provided that at least one of R ir and R 12 is other than hydrogen. 
6. A compound of Formula HI: 
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OR 12 R 11 




where: 

R 2 is C1-C3 alkyl optionally substituted with Cs-Ce cycloalkyl; ben2yl optionally 
5 monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, -OR 12 , thiol, Ci-Ce alkyl optionally substituted in the alkyl chain up to three times 
with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce 
alkoxy optionally substituted in the alkyl chain up to three times with fluoro or with C3- 
Ce cycloalkyl optionally substituted with Q-C3 alkyl, C2-C6 alkenyloxy, C\-Cs alkylthio 

1 0 optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 

cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl optionally 
substituted with C1-C6 alkyl or C1-C6 alkoxy, and phenylthio; benzyl disubstitated in the 
phenyl ring with a first substituent selected from the group consisting of halo, 
trifluoromethoxy, and C1-C6 alkyl optionally substituted in the alkyl chain up to three 

15 times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, and a 
second substituent selected from the group consisting of halo, -OR 12 , thiol, Ci-C 6 alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with CrC 3 alkyl, Q-C6 alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 

20 substituted with Q-C3 alkyl, C2-C6 alkenyloxy, Ci-C 6 alkylthio optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with Q-C3 alkyl C3-C8 cycloalkoxy, phenyl optionally substituted with Ci-Ce 
alkyl or Ci-C 6 alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 

25 selected from halo and a third substituent selected from C1-C6 alkyl; 

R 3 is hydrogen or C1-C6 alkyl optionally substituted with C3-C8 cycloalkyl or up 
to three times with fluoro and R 4 is hydrogen or Ci-Ce alkyl; or R 3 and R 4 taken together 
with the carbon atom to which they are attached form a C3-C6 cycloalkyl ring; 
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R 5 is R 9 ; or-(CH 2 )o-2-OR 9 ; 
R 6 is hydrogen or phenyl; 
G is O; 

R 9 is hydrogen; C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 
(Ci-C 6 alkyl)silyl; Ci-Cio acyl; C 2 -C 6 alkenyl; or -(CH 2 )o-4-R 10 ; 

R 10 is C 3 -C 8 cycloalkyl; C 3 -C 8 cycloalkanonyl; tetrahydrofuryl; tetrahydropyranyl; 
or phenyl each optionally substituted with one substitutent selected from the group 
consisting of C 3 -C 8 cycloalkyl, phenyl, and benzyl, up to four times with fluoro, or one or 
two substitutents independently selected from the group consisting of halo, Ci~C 6 alkyl 
optionally substituted up to three times with fluoro, QrQ acyl, Ci-C 6 alkoxy, hydroxy, 
and trifluoromethoxy; or R 10 is adamantyl; 

R 11 is hydrogen or a nitrogen protecting group; 

R 12 is hydrogen or an oxygen protecting group; or an acid addition salt thereof. 
7. A compound of Formula IV: 




IV 

where: 

R 3 is hydrogen or Ci-C 6 alkyl optionally substituted with C 3 -C 8 cycloalkyl or up 
to three times with fluoro and R 4 is hydrogen or Ci-C 6 alkyl; or R 3 and R 4 taken together 
with the carbon atom to which they are attached form a C 3 -C 6 cycloalkyl ring; 

R 5 is R 9 ; or -{CH 2 ) 0 _ 2 -OR 9 ; 

R 6 is hydrogen or phenyl; 

R 9 is hydrogen; C1-C10 alkyl optionally substituted with 1-6 fluorine atoms or tri- 
(Ci-Ce alkyl)silyl ; C1-C10 acyl; C 2 -C 6 alkenyl; or -(CH 2 ) 0 -4-R 10 ; 

R 10 is C 3 -C 8 cycloalkyl; C 3 ~C 8 cycloalkanonyl; tetrahydrofuryl; tetrahydropyranyl; 
or phenyl each optionally substituted with one substitutent selected from the group 
consisting of C 3 -C 8 cycloalkyl, phenyl, and benzyl, up to four times with fluoro, or one or 
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two substitutents independently selected from the group consisting of halo, Ci-Cg alkyl 
optionally substituted up to three times with fluoro, C 2 -C6 acyl, Ci-C& alkoxy, hydroxy, 
and trifluoromethoxy; or R 10 is adamantyl; 

R 11 is a nitrogen protecting group; provided that at least one of R 3 , R 4 , R 5 , and R € 
5 are other than hydrogen. 

8, A compound of Formula V: 

R i1 OR 12 H 




10 where: 

R 2 ' is C1-C3 alkyl optionally substituted with C3-C6.cycloalkyl; benzyl optionally 
monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, -OR 12 , thiols Cx-Cg alkyl optionally substituted in the alkyl chain up to three times 
with fluoro or with C3-C6 cycloalkyl optionally substituted with Ci~C 3 alkyl, C1-C6 

15 alkoxy optionally substituted in the alkyl chain up to three times with fluoro or with C3- 
C6 cycloalkyl optionally substituted with C1-C3 alkyl, C 2 -Ce alkenyloxy, Q-Q alkylthio 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, C 3 -C 8 cycloalkoxy, phenyl optionally 
substituted with C1-C6 alkyl or Ci-C 6 alkoxy, and phenylthio; benzyl disubstituted in the 

20 phenyl ring with a first substituent selected from the group consisting of halo, 

trifluoromethoxy, and Q-C6 alkyl optionally substituted in the alkyl chain up to three 
times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, and a 
second substituent selected from the group consisting of halo, -OR 12 , thiol, Ci-C 6 alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 

25 cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C 2 -C$ alkenyloxy, Q-Ctf alkylthio optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl C 3 -C 8 cycloalkoxy, phenyl optionally substituted with Ci-C 6 
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alkyl or Ci-Ce alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from Ci-Cq alkyl; 

R 11 is independently at each instance a nitrogen protecting group; 
5 R 1 1 ' is hydrogen or a nitrogen protecting group; 

R 12 is hydrogen or an oxygen protecting group; 

R 12 is an oxygen protecting group; or an acid addition salt thereof. 

9. A compound of Formula VI: 



H OR H 



10 




VI 

where: 

R 1 is Ci-Cio alkyl optionally substituted with C 3 -Cs cycloalkyl, phenyl, or furyl; 
C2-C8 alkenyl optionally substituted with C 3 -Cs cycloalkyl, phenyl, or furyl; C2-C8 

15 alkynyl optionally substituted with C3-C8 cycloalkyl, phenyl, or furyl; or C 3 -C 8 

cycloalkyl; each optionally substituted up to six times with fluoro, or with up to four 
substituents independently selected from the group consisting of halo, cyano, methyl 
optionally substituted with up to three fluoro atoms, trifluoromethoxy, C1-C6 alkoxy, C 3 - 
C 7 cycloalkoxy, oxo, NR 7 R 8 , and C(0)NR 7 R 7 ; or R 1 is hydrogen; furyl optionally 

20 substituted with C(0)NR 7 R 7 or up to two times with C1-C6 alkyl; thienyl; tetrahydrofuryl; 
NR 7 R 8 ; or Ci-C 6 alkoxy; 

R 2 ' is C1-C3 alkyl optionally substituted with C3-C6 cycloalkyl; benzyl optionally 
monosubstituted in the phenyl ring with a substituent selected from the group consisting 
of halo, -OR 12 , thiol, C\-Ce alkyl optionally substituted in the alkyl chain up to three times 

25 with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, Ci-C^ 

alkoxy optionally substituted in the alkyl chain up to three times with fluoro or with C 3 - 
Ce cycloalkyl optionally substituted with C1-C3 alkyl, C 2 -C^ alkenyloxy, Ci-Ce alkylthio 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, C 3 -Cg cycloalkoxy, phenyl optionally 
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substituted with Ci-Ce alkyl or C1-C6 alkoxy, and phenylthio; benzyl disubstituted in the 
phenyl ring with a first substituent selected from the group consisting of halo, 
trifluoromethoxy, and Q-C6 alkyl optionally substituted in the alkyl chain up to three 
times with fluoro or with C3-C6 cycloalkyl optionally substituted with C1-C3 alkyl, and a 
5 second substituent selected from the group consisting of halo, -OR 12 , thiol, C\-Ce alkyl 
optionally substituted in the alkyl chain up to three times with fluoro or with C3-C6 
cycloalkyl optionally substituted with C1-C3 alkyl, C1-C6 alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C 3 -C 6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C 2 -Ce alkenyloxy, C1-C6 alkylthio optionally substituted in 

10 the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 

substituted with C1-C3 alkyl C3-C8 cycloalkoxy, phenyl optionally substituted with Ci-Ce 
alkyl or C1-C6 alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from C1-C6 alkyl; 

15 R 7 is selected independently at each occurrence from the group consisting of 

hydrogen; C1-C6 alkyl; and phenyl; 

R 8 is hydrogen; Ci-C 6 alkyl; phenyl; -C(0)(Ci-C 6 alkyl); or -S0 2 (Ci-C 6 alkyl); 
R 11 is hydrogen or a nitrogen protecting group; 
R 12 is hydrogen or an oxygen protecting group; 

20 R 12 is an oxygen protecting group; or an acid addition salt thereof. 

10. A compound of Formula VH: 



R 11 ' OR 12 R 11 



R 5 
R 6 ' 

VII 

25 where: 

R 2 is C1-C3 alkyl optionally substituted with C3-C6 cycloalkyl; benzyl 
optionally monosubstituted in the phenyl ring with a substituent selected from the group 
consisting of halo, -OR 12 , thiol, C\-Ce alkyl optionally substituted in the alkyl chain up to 
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three times with fluoro or with C3-C6 cycloalkyl optionally substituted with Q-C3 alkyl, 
Ci~C6 alkoxy optionally substituted in the alkyl chain up to three times with fluoro or 
with C 3 -C 6 cycloalkyl optionally substituted with C1-C3 alkyl, C 2 -C6 alkenyloxy, Ci-C 6 
alkylthio optionally substituted in the alkyl chain up to three times with fluoro or with C3- 
5 Ce cycloalkyl optionally substituted with C1-C3 alkyl, C3-C8 cycloalkoxy, phenyl 
optionally substituted with C1-C6 alkyl or Ci-Ce alkoxy, and phenylthio; benzyl 
disubstituted in the phenyl ring with a first substituent selected from the group consisting 
of halo, trifluoromethoxy, and C1-C6 alkyl optionally substituted in the alkyl chain up to 
three times with fluoro or with C 3 -C 6 cycloalkyl optionally substituted with C1-C3 alkyl, 

10 and a second substituent selected from the group consisting of halo, -OR 12 , thiol, Ci-C 6 
alkyl optionally substituted in the alkyl chain up to three times with fluoro or with C 3 -C 6 
cycloalkyl optionally substituted with C1-C3 alkyl, Ci-Ce alkoxy optionally substituted in 
the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 
substituted with C1-C3 alkyl, C 2 -Cg alkenyloxy, C^Cg alkylthio optionally substituted in 

15 the alkyl chain up to three times with fluoro or with C3-C6 cycloalkyl optionally 

substituted with C1-C3 alkyl C 3 -Cg cycloalkoxy, phenyl optionally substituted with Ci-Ce 
alkyl or C1-C6 alkoxy, and phenylthio; or benzyl trisubstituted in the phenyl ring with 
three substituents independently selected from halo or two substituents independently 
selected from halo and a third substituent selected from Ci-Cg alkyl; 

20 R 3 is hydrogen or Ci-C 6 alkyl optionally substituted with C 3 -C 8 cycloalkyl or up 

to three times with fluoro and R 4 is hydrogen or CpCs alkyl; or R 3 and R 4 taken together 
with the carbon atom to which they are attached form a C3-C6 cycloalkyl ring; 

R 5 ' is hydroxy and R 6 * is hydrogen or R 5 ' and R 6 ' together with the carbon to 
which they are attached form a carbonyl moiety; 

25 R 11 is a nitrogen protecting group; 

R 11 is hydrogen or a nitrogen protecting group; 

R 12 is hydrogen or an oxygen protecting group; or an acid addition salt thereof. 
11. A compound of Formula 1(a): 



30 
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where; 

R 1 is hydrogen; benzyl; or Ci-C 8 alkyl optionally substituted with Cy-Ce alkoxy, 
5 oxo, or up to six times with fluoro; 

R 2 is benzyl optionally monosubstituted in the 3-position of the phenyl ring with 
a substituent selected from the group consisting of halo, Ci-Ce alkyl optionally substituted 
in the alkyl chain up to three times with fluoro, C1-C6 alkoxy optionally substituted in the 
alkyl chain up to three times with fluoro, and Ci-C* alkylthio optionally substituted in the 
1 0 alkyl chain up to three times with fluoro; or benzyl disubstituted in the phenyl ring with a 
first substituent selected from the group consisting of halo and trifluoromethoxy and a 
second substituent selected from the group consisting of halo, Ci-Ce alkyl optionally 
substituted in the alkyl chain up to three times with fluoro, C^Ce alkoxy optionally 
substituted in the alkyl chain up to three times with fluoro, or Ci-C 6 alkylthio optionally 
15 substituted in the alkyl chain up to three times with fluoro; 
R 3 ' is hydrogen or C1-C4 alkyl; 

R 9 is Ci-Cjo alkyl optionally substituted with 1-6 fluorine atoms; C1-C4 alkyl 
substituted with tetrahydrofuryl, tetrahydropyranyl, or C 3 -Cg cycloalkyl optionally 
substituted with up to 4 fluoro atoms; or a pharmaceutical^ acceptable salt thereof. 
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